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REMARKS 

Claims 1-4 and 6-47 are currently pending in the application. Claims 10-11, 15, 18, 19, 
23, 26, 27, 31, 34, 35, 39, 42, 43 and 47 are withdrawn. Claims 5 and 49-55 are cancelled. 
Claims 1-4, 6-9, 12-14, 16, 17, 20-22, 24, 25, 28-30, 32, 33, 36-38, 40, 41 and 44-46 are 
currently rejected. Claim 1 is herein amended. The amendment finds support in the 
specification and is discussed in the relevant sections below. No new matter is added. 

Request for Reconsideration of Finality of Office Action 

The Examiner made the Office Action dated December 7, 2005 final. Applicants 
respectfully request the Examiner withdraw the finality of the Office Action. MPEP 706.07 (a) 
states: 

Under present practice, second or any subsequent actions on the merits 
shall be final, except where the examiner introduces a new ground of 
rejection that is neither necessitated by applicant's amendment of the 
claims nor based on information submitted in an information 
disclosure statement filed during the period set forth in 37 CFR 1.97(c) 
with the fee set forth in 37 CFR 1 . 1 7(p). [Emphasis added] 

Applicants assert that the finality of the present Office Action is improper as the Examiner 
introduced two new grounds of rejections (112, first paragraph and 103) neither of which were 
necessitated by Applicants amendment to the claims, nor based on information submitted in an 
EDS. Thus, Applicants request the Examiner reconsider the finality of the present Office Action. 

Priority 

The Examiner notes that the Applicants had not filed a certified copy of the NZ336259 
application as required by 35 U.S.C. 1 19(b). Filed herewith is a certified copy of the NZ336259. 
Applicants respectfully request the Examiner acknowledge the foreign priority claim. 

Election or Restriction 

The Examiner maintained the withdrawal of claims 15, 23, 31, 39 and 47. Applicants 
respectfully disagree with the Examiner for the same reasons set forth in the Applicants' 
response filed on October 4, 2005. The Examiner asserts that claims 15, 23, 31, 39 and 47 are 
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directed to HIF as a tumor restricted agent and that Applicants elected XAA. Applicants note 
that claims 15, 23, 31, 39 and 47 are also directed to XAA as being dependent on claims 1-4, and 
6 respectively and that the election of XAA was a species election. Applicants assert that if 
claims 1-4, and 6 are allowed, dependent claims 15, 23, 31, 39 and 47 would also be free of the 
prior art and should be rejoined. In light of the above, Applicants request the Examiner rejoin 
claims 15, 23, 31, 39 and 47 if the claims these are dependent upon are allowed. 

Rejections 

35 U.S.C. § 112, first paragraph 

Claims 1, 6-9 and 12-14 are rejected under 35 U.S.C. § 1 12, first paragraph. The 
Examiner believes that they are drawn to subject matter not described in the specification in a 
manner that enables one skilled in the art to make and use the invention. More specifically, the 
Examiner asserts that the specification lacks adequate disclosure with regards to teaching: (1) 
the administration of B7.1 proteins alone or in combination with DMXAA for the treatment of 
advanced or large tumors, and (2) that either a CAM (B7.1) protein or tumor growth-restricting 
agent alone would be ineffective in treating an advanced or large tumor burden. Specifically, the 
Examiner states: 

Since the specification does not provide claimed method for treating 
a tumor with B7.1 protein with DMXAA for retarding or eradicating 
an advance or large tumor burden and since the specification does 
not provide enough evidence for each reagent having no effect when 
they are used alone for cancer treatment. One skilled in the art 
would not expect the claimed method will be successful in use the 
claimed method for treating cancer on the basis of teachings in the 
prior art or instant specification. 

Applicants respectfully traverses these grounds for rejection and submits that the present 
specification satisfies the enablement requirement of 35 U.S.C. § 112, first paragraph. 
Enablement requires that the specification teaches one of ordinary skill in the art know how to 
make and use the invention. However, for enablement purposes, a specification need not teach 
what is well known in the art. In re Wands, 858 F.2d 731 (Fed. Cir. 1988). Moreover, some 
amount of experimentation is not fatal as long as the amount is not undue. Id. 
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One of ordinary skill in the art is enabled to practice the claimed invention without undue 
experimentation. The specification provides sufficient guidance to allow one having ordinary 
skill in the art to make and use a CAM protein (including a B7.1 protein) according to the 
claimed methods. The specification also teaches that a CAM molecule (B7.1) or tumor growth- 
restricting agent (DMXAA) alone does not eradicate an advanced or large tumor burden within 
the meaning of the claims. 

CAM proteins (including B7.1) were known in the art at the time the present application 
was filed. In addition, the application teaches one how to make the CAM proteins (B7.1 protein) 
without undue experimentation. For example, paragraph 40 teaches the Genbank accession 
numbers and sources for numerous CAM molecules, including B7.1 . Paragraph 9 teaches that 
the CAM proteins can be expressed by any vector available to the skilled artisan, including 
"expression plasmids such as pCDNA8 and pCDM8 and adenoviral and retroviral-based vectors 
(such as pLXSN and pLNCX)." Thus, the specification along with what was known in the art at 
the time of filing clearly enables one of ordinary skill to make the CAM proteins, including B7.1 . 

The specification details how to use a CAM (B7.1) protein with a tumor growth 
restricting agent (DMXAA) for the treatment of advanced or large tumors. While the working 
examples are directed to the administration of CAM (including B7.1) expression vectors, one of 
ordinary skill in the art would be able to practice the invention without undue experimentation by 
administering a CAM (B7.1) protein directly. The application teaches that the CAM proteins 
may be administered in lieu of the expression vectors: 

Alternatively, the immunotherapeutic agent may be administered directly, in a 
form other than in a mammalian expression vector, that is, it is not essential that 
the immunotherapeutic agent be administered using gene therapy. For 
example, T cell costimulatory CAM proteins that could be attached to the cell 
surface could be administered systemically. [Paragraph 48, Emphasis added] 

The application provides numerous teachings on how tumor restricting agents can be 
used in combination with CAMs. The specification includes detailed working examples 
describing methods of administering and testing tumor restricting agents in combination with 
CAMs and the results of these studies (See Figs. 1, 2, 4, 6 and 8). 
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Paragraph 76 and Fig. 4 teach a wide range of concentrations of the B7.1 expression 
vector that were effective at inducing an immune response that eradicated the tumors. Based on 
these studies one of skill in the art could identify an effective dose of a CAM protein (B7.1) 
without undue experimentation. Furthermore, the application teaches numerous methods for 
determining the effectives of CAM/tumor growth-restricting agent combination therapy. One of 
ordinary skill in the art would apply these teachings to practice the claimed invention without 
undue experimentation. 

In addition to the teachings in the application, the administration of CAM proteins was 
known in the art at the time the application was filed. The specification need not teach what is 
well known in the art. In re Wands, 858 F.2d 731 (Fed. Cir. 1988). 

Methods of administering CAM proteins (e.g., B7.1) were known in the art at the time of 
filing (See exhibits A-D). McHugh et al. (Exhibit A) teaches the making and use of GPI-B7.1 
proteins in tumor immunotherapy. (See abstract and subsections under Materials and Methods 
titled, Preparation of Tumor Membranes and Protein Transfer of GPI-B7-1 and Immunization of 
Mice and Tumor Protection Studies). Dunussi-Joannopoulos et al. (Exhibit B) teaches the 
immunization of mice with B7.1 transduced AML cells (p. 2916, second column, 6 th paragraph). 
Sturmhoefel et al. (Exhibit C) teaches the making and use of fusion proteins having the 
extracellular portion of B7.1 or B7.2 and the Fc portion of IgG2a in vaccines. (See abstract, and 
subsections under Materials and Methods titled, B7-IgG Fusion proteins and Vaccination 
Protocols). Moro et al. (Exhibit D) teaches the making and use of biotinylated recombinant 
soluble B7-1 and B7-2 immunoglobulin G molecules in tumor immunity. (See abstract and 
subsections of Materials and Methods titled, Generation of Recombinant Soluble B7-Ig, 
Preparation of bio-19E12mAb and bio-B7-IgG and In Vivo Studies.) Thus, at the time of filing 
methods of making and administering CAM proteins (e.g., B7.1) were well known in the art. In 
light of the above, one would be able to make and use CAM proteins (B7.1) according to the 
claimed method without undue experimentation. 
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The Examiner also asserts that the application does not teach one how to perform the 
claimed method when either reagent alone (e.g., CAM or DMXAA) would be ineffective in 
retarding or eradicating an advanced or large tumor burden. 

Applicants respectfully disagree with the Examiner. First, Applicants note that claim 1 is 
herein amended to state, "either of which alone would be ineffective in r e tarding or eradicating 
an advanced or large tumor burden." 

Throughout the application there are numerous teachings that illustrate that monotherapy 
is ineffective in treating advanced or large tumors but that combination therapy is effective (See 
Figures. 1, 2 and 10). For example, paragraph 74 referring to Fig. 1 teaches that CAM 
monotherapy is ineffective for treating large tumors: 

CAM Gene Monotherapy is Unable to Check the Growth of Large 

Tumours In contrast, as shown in FIG. la, larger tumours (>0.5 cm) are 

refractory to treatment in response to B7.1 and several other costimulatory 
CAMs. Tumour growth is slowed, but ultimately the tumour grows unchecked. 
[Emphasis added] 

Paragraph 75 teaches the same is true for DMXAA and FAA monotherapy: 

DMXAA and FAA are Unable to Check the Growth of Large Tumours. 

Systemic administration of optimal doses of DMXAA and FAA to mice 
bearing large EL-4 tumours (0.6-0.8 cm in diameter) led to immediate 
reductions in the sizes of tumours (FIG. lb), accompanied by marked tumour 
necrosis (refer below). DMXAA was the more potent of the two reagents, 
causing tumors to shrink to 0.1-0.2 cm over a period of 3 weeks, whereas the 
tumours of FAA-treated animals were reduced to 0.2-0.4 cm in diameter. 
However, tumours began to grow unchecked by day 28 and animals had to 
be sacrificed during the sixth week. [Emphasis added] 

Thus, monotherapy with a CAM (e.g., B7.1), DMXAA and FAA are unable to 
eradicate large tumors. However, combination therapy utilizing CAM (e.g., B7.1) and 
DMXAA is effective. For, example paragraph 76 states: 

Combined Therapy by Timed Delivery of B7.1 and DMXAA/FAA 
Eradicates Large Tumours. We hypothesized that simultaneous 
administration of the B7.1 pCDM8 expression vector and DMXAA/FAA 
might impair CAM-mediated anti-tumour immunity, as dying and necrotic 
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tumour cells would not be able to adequately express B7.1. This notion proved 
correct, and hence established tumours (0.6-0.8 cm in diameter) were first 
treated with B7.1 to stimulate anti-tumour immunity, and DMXAA and FAA 
were administered one day later to retard tumour growth. Remarkably, 
tumours rapidly diminished in response to the combination of B7.1 and 
DMXAA accompanied by massive necrosis, such that by the third week of 
treatment tumours had completely disappeared (FIG. lb). [Emphasis 
added] 

Thus, the specification clearly teaches that monotherapy was unable to eradicate an advanced or 
large tumor burden while combination therapy was effective. In light of the above arguments 
and amendments, Applicants respectfully request the Examiner withdraw the 35 U.S.C. §112, 
first paragraph rejection of claims 1, 6-9 and 12-14. 

35 U.S.C §103 

The Examiner rejected claims 2-4, 16, 17, 20-22, 24, 25, 28-30, 32, 33, 36-38, 40, 41, 45 
and 46 as unpatentable under 35 U.S.C. 103(a) over Futami et al. in view of Olsson et al. The 
Examiner asserts that Futami et al. teaches methods of treating a tumor with analogues of XAA 
in combination with IL-2. The Examiner asserts Olsson et al. teaches that CD80 (B7.1) induces 
IL-2. Based on these teachings the Examiner concludes that: 

It would have been prima facie obvious to one of ordinary skill in the art at the 
time the claimed invention was made to use the method to eradicate any advanced 
or large tumor by administering analogs of XAA in combination of CAM 
comprising CD80 with the expected result for cancer treatment. . . . One of 
ordinary skill in the art would have been motivated with a reasonable expectation 
of success to combine the teachings of Olsson et al., to the teaching of Futami et 
al, to treat cancer by combining CAM and analogs of XAA comprising DXMAA 
because Futami et al. have shown that IL-2 and analogues of XAA have a synergy 
effect when they are used for cancer therapy and Olssone et al., have shown IL-2 
can be induced by a CAM, CD80. 

Applicants respectfully traverse the rejection. 

For the reasons described below, the Examiner has failed to establish a prima facie case 
of obviousness under the requirements of 35 U.S.C. § 103(a). To establish a prima facie case of 
obviousness, three basic criteria must be met. First, there must be some suggestion or 
motivation, either in the references themselves or in the knowledge generally available to one of 
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ordinary skill in the art, to modify the reference or to combine reference teachings (In re Vaeck, 
947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991)). Second, there must be a reasonable 
expectation of success. Id. The teaching or suggestion to make the claimed combination and the 
reasonable expectation of success must both be found in the prior art, and not based on 
Applicants' disclosure. Id. Finally, the prior art reference (or references when combined) must 
teach or suggest all the claim limitations. In re Royka, 490 F.2d 981, 180 U.S.P.Q. 580 
(C.C.P.A. 1974). 

The prior art references fail to provide some suggestion or motivation to modify the 
references or to combine the references teachings. The Federal Circuit has stated that 
"[ojbviousness cannot be established by combining the teachings of the prior art to produce the 
claimed invention, absent some teaching[,] suggestion or incentive supporting the combination" 
(In re Geiger, 815 F.2d 686, 688, 2 U.S.P.Q.2d 1276, 1278 (Fed. Cir. 1987)) and that "[i]t is 
impermissible . . . simply to engage in a hindsight reconstruction of the claimed invention, using 
the applicant's structure as a template and selecting elements from references to fill the gaps. . . . 
The references themselves must provide some teaching whereby the applicant's combination 
would have been obvious." (In re Gorman, 18 U.S.P.Q.2d 1885, 1888 (Fed. Cir. 1991)). 

There is no teaching or suggestion in either reference that treatment of XAA and a CAM 
(B7.1) will produce a synergistic effect in eradicating advanced or large tumors. Futami et al doe 
not even teach a CAM molecule. Furthermore, Olsson et al. only teaches that B7.1 signaling 
may induce IL-2 production. Neither reference provides any motivation to combine. 

The Examiner appears to engage the hindsight conclusion that because B7.1 induces IL-2 
one would be motivated to replace the IL-2 of Futami et al. with B7.1 for the treatment of cancer. 
Applicants find the Examiners rational strained. Applicants assert that there is no motivation to 
replace the administration IL-2 of Futami et al. with the administration of a CAM protein (e.g., 
B7.1) to get IL-2 production. 

Furthermore, all claims are directed to a method of eradicating an advanced or large 
tumor. There is no mention or suggestion in either references asserted by the Examiner that 
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large tumors could be treated successfully by using a combination of a tumor growth-restricting 
agent (e.g., XAA derivative) and B7.1. 

Even when the references are combined they fail to teach or suggest all the claim 
limitations. The present claims are generally directed to methods for treating advanced or large 
tumors by administering a CAM protein (B7.1) in combination with a tumor growth-restricting 
agent (DMXAA). CAM and tumor growth restricting agents have been shown by Applicants to 
have unexpected synergistic properties which eradicate advanced or large tumors. 

When both references are combined the references fail to teach; (1) administrating a 
CAM protein (B7.1) to a patient (2) for eradicating an advanced or large tumor. There is no 
teaching within Futami et al. or Olsson et al. for administering a CAM protein (B7.1), let alone 
administering a CAM protein (B7.1) in combination with XAA. Furthermore, there is no 
teaching in either reference for using a CAM protein (B7.1) to treat cancer, let alone for the 
treatment of advanced or large tumors. Thus, for these reasons the prior art references fail to 
teach all elements of the claims. 

Neither Futami et al. nor Olsson et al. suggest a reasonable expectation of success in 
combination treatment utilizing XAA and a CAM protein (e.g., B7.1) for eradicating advanced 
or large tumors. This is evidenced by the fact that Olsson et al. teaches that the effect of B7.1 are 
governed through the proliferation of CD4 cells which are then induced by B7.1 to release IL-2. 
However, in the present invention it is shown that blocking the effect of CD4 cells did not inhibit 
the efficacy of the claimed treatment combination (see paragraph 80, and figure 3). The 
application explicitly states that the most important mechanism of action for the combination is 
governed by CD8 cells (see paragraph 23). Applicants assert that the based on the cited prior art 
there is no reasonable expectation of success. 

Thus given the above, those skilled in the art at the time of filing of the present 
application would not have expected a combination of a tumor growth-restricting agent and a 
CAM (B7. 1) to provide a synergistic effect in the treatment of advanced or large tumors. In light 
of the above, Applicants respectfully request the Examiner withdraw the rejection of claims 2-4, 
16, 17, 20-22, 24, 25, 28-30, 32, 33, 36-38, 40, 41, 45 and 46 under 35 U.S.C. §103(a). 
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Applicants submit that in view of the foregoing remarks, all issues relevant to 
patentability raised in the Office Action have been addressed. Applicants respectfully request 
the withdrawal of rejections over the claims of the present invention. 



Respectfully submitted, 
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ABSTRACT 

Modification of tumor cells with one or more costimulatory adhesion 
molecules has been proposed as a means to develop therapeutic cancer 
vaccines for use in human immunotherapy. Expression of B7-1 (CD80) in 
tumors by gene transfer creates an immunogenic tumor cell that induces 
antitumor immunity and protects mice from further challenge with wild- 
type tumor cells. In this report, we demonstrate that protein transfer of 
glycosyl-phosphatidylinositoi (GPI)-anchored costimulatory molecules 
into tumor cell membranes could be used as an alternative to gene transfer 
for tumor immunotherapy. Incubation of isolated tumor membranes with 
purified GPI-anchored B7-1 results in stable incorporation of B7-1 on 
tumor cell membranes within a few hours. Immunization of C57BL/6 mice 
with EG7 tumor membranes modified to express GPI-B7-1 by protein 
transfer induces tumor-specific T-cell proliferation and CTLs. In addi- 
tion, immunization with these EG7 membranes protects mice from pa- 
rental tumor challenge. The protein transfer approach used here does not 
require foreign vectors or live tumor cells and is completed within a 
matter of hours. Irradiated cells or membrane preparations from fresh or 
frozen tumor tissue can be used. Therefore, protein transfer of glycolipid- 
anchored molecules provides an efficient and novel approach to modify 
tumor membranes for human immunotherapy. This approach is not 
limited to costimulatory molecules because any cell surface protein can be 
converted to a GPI-anchored form by recombinant techniques. 

INTRODUCTION 

For T cells to proliferate and respond to an antigen, two signals are 
required (1). Engagement of the T-cell receptor with antigen-MHC 
complexes provides the initial signal. The second signal, termed 
costimulation, is received from any number of adhesion receptor- 
ligand interactions between the antigen-presenting cell and T cell, 
such as B7/CD28 (2-4). The absence of costimulation during T-cell 
recognition of a specific antigen results in T-cell unresponsiveness (5, 
6). Many tumor cells express antigen-MHC complexes while failing 
to express appropriate cell adhesion molecules necessary for T-cell 
costimulation (7-11). By lacking these costimulatory adhesion mol- 
ecules, tumor cells may thus escape host immunity. 

Expression of costimulatory adhesion molecules such as B7-1, 
B7-2, or intercellular adhesion molecule 1 on tumor surfaces by gene 
transfer techniques can create a more immunogenic tumor cell that 
induces protective immunity against a parental tumor challenge (7- 
1 1). Recently, we (12) and others (13) have shown that costimulatory 
molecules can be expressed on the surface of cells by another method, 
protein transfer. This method uses proteins that are anchored to the 
membrane through GPL 3 These proteins do not span the membrane 
but have a lipid tail that anchors the protein to the outer leaflet of the 
lipid bilayer. Given this unique attachment, these proteins can spon- 
taneously incorporate into amphiphilic surfaces such as cell mem- 
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branes (14, 15). Using the EG7 tumor system, we demonstrate herein 
that EG7 tumor cell membrane preparations modified to express 
GPI-B7-1 can stimulate an antitumor immune response and protect 
mice from a challenge with live wild-type tumor cells. 

MATERIALS AND METHODS 

Animals and Ceil Culture. Female C57BL/6 mice were purchased from 
Jackson Laboratories. EG7 tumor cells were maintained in DMEM supple- 
mented with 10% FCS, 400 pg/m\ Geneticin, 50 fig/ml gentamycin, and 2 mM 
glutamine. EG 7 cells are derived from the murine T-cell lymphoma EL4 
transfected with cDNA for ovalbumin and lack B7-1 expression (16). Although 
C57BL/6 mice have a repertoire of T cells that are specific for the ovalbumin 
CTL epitope presented by MHC class I, EG7 cells still form solid tumors in 
mice and fail to provide protective immunity (17). 

Preparation of Tumor Membranes and Protein Transfer of GPI-B7-1. 
Membranes were prepared as described by Maeda el ai (18). Briefly, cell 
pellets were homogenized on ice in solubilization buffer [20 mM Tris (pH 8.0) 
containing 10 mM NaCl, 0.1 mM MgCl 2 , 0.02% NaN 3 , and 0.1 mM phenyl- 
methylsulfonyl fluoride] and ultracentrifuged (93,000 X g) for 1 h over a 41% 
sucrose gradient. The interface was recovered and washed three times in 
solubilization buffer by centrifugation. 

For incorporation of GPI-B7-1, frozen (— 80°C) or fresh membranes were 
resuspended to 100 jil using serum-free RPMI 1640 containing 100 /xg/ml 
ovalbumin. Purified GPI-B7-1 (10 /xg/ml) was added to the membranes, and 
the mixtures were shaken for 4 h at 37°C in siliconized microfuge tubes. 
Nonincorporated control EG7 membranes were incubated at 37°C in the same 
buffer without GPI-B7-1. The membranes were washed two more times and 
either analyzed by ELISA or resuspended in HBSS or HBSS containing 2 ng 
of rIL-I2, using a 20-gauge needle for mice immunizations. The GPI-anchored 
form of FcyR III, CD16B, was also used to modify tumor cell membranes by 
protein transfer. CD16B was immunoaffinity-purified from CD16B-trans- 
fected K562 cells and diluted in the above-mentioned buffer to a final con- 
centration of 20 ng/ml for incubation of the membranes as described. For 
ELISA, the membranes were coated onto microtiter plate wells overnight at 
4°C. The wells were blocked with complete RPMI 1640 containing 10% FCS, 
and then the membranes were analyzed using X63 (negative control), PSRM-3 
(antihuman B7-1 mAb), Ml/42 (antimouse monomorphic class I), or 
CLBFcgran-1 (anti-CD 16). The absorbance of PSRM-3 -binding wells was 
normalized to the absorbance of M 1/42-binding wells, which was designated 
as 1.0. 

Immunization of Mice and Tumor Protection Studies. C57BL/6 mice 
(five mice/group) were immunized i.p. with 100 /xl of HBSS, EG7 membranes 
(100 j-tg of equivalent protein), or GPI-B7-1 -incorporated EG7 membranes 
twice at a 2-week interval. Three weeks after the final immunization, the 
spleens were harvested, and T cells were purified using mouse T-cell enrich- 
ment columns (R&D Systems) to 95% purity as analyzed by flow cytometry. 
The T cells were used in either a MLTR or CTL assays. 

Other C57BL/6 mice (five mice/group) were immunized as described 
above, except for the addition of rIL-12 (PharMingen, San Diego, CA) treat- 
ments in vivo. rIL-12 (2 ng/mouse) was administered i.p. beginning 1 week 
after the first immunization. This treatment was continued every 4 days for 2 
weeks. Three weeks after the final membrane immunization, T cells were 
purified as described and used in CTL assays. 

For tumor challenge experiments, mice were immunized s.c. in the hind 
flank with HBSS, EG7 membranes, or GPI-B7-1 -incorporated EG7 mem- 
branes, with or without 2 ng of rIL-12. Two weeks later, the mice were 
boosted. EG7 cells (10 s ) were injected s.c. at a remote site 1 week after the 
boost. Mice were monitored daily for tumor growth and euthanized when 
tumors reached 2 cm in diameter. 
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T-Cell Proliferation and CTL Assays. For the MLTR, T cells (10 5 ) 
purified from immunized mice were cocultured with irradiated (10,000 rads) 
EG7 cells (2 X 10 4 ) for 5 days in a 5% C0 2 incubator at 37°C. T-cell 
proliferation was measured by pulsing the wells with 1 jiCi of [ 3 H]thymidine 
for the last 1 8 h of culture. 

For CTL assays, T cells were restimulated in vitro for 5 days with irradiated 
(10,000 rads) EG7 cells. On the second day of the restimulation, 10 units/ml 
rIL-2 (PharMingen) were added. Live T cells were recovered by density 
sedimentation using Histopaque 1077 (Sigma) and resuspended to 10 7 cells/mL 
EG7 and concanavalin A blasts (splenocytes treated with 10 ng/ml concanava- 
lin A for 3 days) were labeled with 200 jxCi of 51 Cr (Amersham, Arlington 
Heights, IL) for 2 h at 37°C These cells were washed and resuspended to 10 5 
cells/ml. The effectors and targets were mixed at various ratios, and a standard 
4-h 51 Cr release assay was performed. 

For T-cell depletion, T cells were pretreated with either 53.6 (anti-CD8) or 
145-2C1 1 (anti-CD3) for 30 min. The coated cells were then incubated at 37°C 
for 30 min with the rabbit complement. Live cells were recovered as described 
above and used in the 51 Cr release assay. 

RESULTS AND DISCUSSION 

Cell membranes were prepared from EG7 cells (18) and modified 
to express GPI-B7-1 by protein transfer. GPI-B7-1 was stably incor- 
porated in these membranes after incubation with purified GPI-B7-1 
for 4 h at 37°C (Fig. I A). These membranes were analyzed for B7-1 
and MHC class I expression by ELISA. After incubation with 10 
ptg/ml purified GPI-B7-1, we obtained GPI-B7-1 expression at 50% 
of MHC class I expression (data not shown). Nearly 100% of the 
incorporated GPI-B7- 1 was retained in the membranes for at least 4 
days under culture conditions (Fig. \A). To determine whether the 
GPI-B7-1 -incorporated membranes could stimulate tumor-specific 
immune responses in vivo, we first measured the proliferation of T 
cells from mice immunized with either HBSS, EG7 membranes, or 
GPI-B7-1 -incorporated EG7 membranes in a MLTR. As seen in Fig. 
\B, T cells from mice immunized with GPI-B7-1 -incorporated EG7 
membranes proliferated fivefold over the background when cocul- 
tured with wild-type EG7 cells. T cells from the HBSS control- and 
buffer-treated EG7 membrane-primed mice were unable to mount a 
significant proliferative response to EG7 tumor cells. 

Next, the ability to generate a CTL response against the parental 
tumor was investigated. After immunization, T cells were purified and 
restimulated in vitro with irradiated EG7 cells for 5 days and then 
assayed for cytotoxicity to EG7 cells. T cells from mice primed with 
GPI-B7-1 -incorporated EG7 membranes had an increased cytotoxic 
response to the EG7 targets in comparison to the EG 7 membranes or 
HBSS-immunized controls (Fig. 2/1). Analysis of CTL activity from 
two independent experiments shows an average of 14% specific lysis 
of target cells at the 50: 1 E:T ratio. 

Many cytokines have been shown to augment antitumor immune 
response (19). In particular, IL-12 has been reported to augment the 
production of cytotoxic cells and work in concert with B7-1 in 
generating antitumor immunity (20, 21). Therefore, we investigated 
whether IL-12 could further enhance the CTL activity induced by 
tumor membranes modified with GPI-B7-1. IL-12 was administered 
i.p. at regular intervals during the membrane immunizations. As 
shown in Fig. 2B, IL-12 administration increased the specific lysis of 
the EG7 targets to 54% by the T cells primed with GPI-B7-1 recon- 
stituted EG7 membranes as compared to 12.4% specific lysis from T 
cells of mice immunized with the same membranes in the absence of 
IL-12 treatment. IL-12 treatment of mice immunized with HBSS or 
EG7 membranes did not enhance CTL activity. In this assay, another 
GPI-B7-1 molecule constructed using the GPI signal sequence from 
LFA-3 gave a similar response, indicating that the origin of the GPI 
anchor signal sequence does not influence B7-1 function (data not 
shown). 
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Fig. 1. Immunization with GPI-B7- 1 -incorporated EG7 membranes induces a T-ccll- 
proliferative response to the parental tumor. A, GPI-B7-1 expressed by protein transfer is 
stable on EG7 membranes. EG 7 tumor membranes were prepared as described previously 
(18). Approximately 200 /ig of EG7 membrane protein equivalent (determined using the 
DC protein assay; Bio-Rad) were resuspended in 300 /utl of buffer (RPMI 1640 containing 
5 mM EDTA and 100 /xg/ml ovalbumin) and 10 fig/ml purified GP1-B7-1 . The membranes 
were incubated for 4 h at 37°C in siliconized tubes. After incubation, membranes were 
washed, and an aliquot was assayed for the incorporation of GPI-B7-1 by ELISA (day 0). 
The remaining membranes were resuspended in PBS containing 1% FCS and incubated at 
37°C for up to 4 days in a C0 2 incubator. At various time points, aliquots of the 
membranes were washed and assayed for GPI-B7-1 expression by ELISA. Membrane 
proteins were detected by ELISA using PSRM-3 (anti-B7-l mAb) and Ml/42 (anti-MHC 
class I mAb). The expression of GPI-B7-1 at the indicated time points is represented as 
the percentage of day 0 incorporation. Data points are the mean ± SD from three 
experiments. B, immunization with GPI-B7- 1 -incorporated EG7 membranes induces a 
T-cell-proliferative response to the parental tumor. Experiments with mice were per- 
formed according to Emory University guidelines. C57BL/6 female mice were immunized 
i.p. with either HBSS or 100 /Ag of EG7 membranes protein equivalent incubated in the 
above-mentioned buffer with or without GPI-B7-1. After 2 weeks, the mice received a 
second i.p. injection of HBSS or of the different membrane preparations. Three weeks 
later, the spleens were harvested, and T cells were enriched by T-cell purification columns 
(R&D Systems). T cells (I0 5 cells/well) were cocultured with 2 X 10 4 irradiated (10,000 
rads) EG7 cells/well for 5 days. All wells were pulsed with 1 \iC\ of [ 3 H]thymidine for 
the last 18 h of culture. These results are representative of two independent experiments. 

To confirm that it is the specific incorporation of GPI-B7-1 and not 
the addition of any lipid-modified protein that confers immunogenic- 
ity, tumor membranes incorporated with CD16B, the naturally GP1- 
anchored form of FcyR III (22), were included as a control. As shown 
in Fig. 2C, no CTL responses were observed in mice immunized with 
CD16B-incorporated EG7 membranes, even with the coadministra- 
tion of IL-12. 

To determine the nature of the effector cells mediating antitumor 
cytotoxicity, CTL responses were analyzed after the depletion of 
CD8 + T cells in vitro. Treatment of effector cells with anti-CD8 
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Fig. 2. A, immunization with GPI-B 7-1 -incorporated membranes induces CTL activity toward the parental tumor. Mice were immunized with either HBSS (□), buffer-treated EG7 
membranes (O), or EG7 membranes incorporated with GPI-B7-1 (•) as described in Fig. 15. After the immunizations, T cells were purified and restimulated in vitro with irradiated 
EG7 cells for 5 days. Live cells were recovered and used as effector cells at various E:T ratios in a standard 4-h 5, Cr release assay with EG7 targets. B, enhancement of GPI-B7-1 
EG7 membrane-induced CTL activity by IL-12. C57BL/6 mice were immunized as described in A with the addition of IL-12 in vivo. One week after the first immunization, mice were 
treated with 2 ng of rIL-12 i.p. This treatment was continued every 4 days for 2 weeks. The T cells obtained from mice immunized with IL-12 (Q), buffer-treated EG7 
membranes + IL-12 (♦), EG7 membranes incorporated with GPI-B7-1 + IL-12 (O), and EG7 membranes incorporated with GPI-B7-1 without IL-12 (▲), were used in a 5l Cr release 
assay. The data points are the average of triplicates, and the SDs were less than 1% of the mean. C, modification of EG7 membranes with GPI-CDI6B did not induce tumor-specific 
CTLs. The immunization protocol was the same as that described in B, except that one group of mice was immunized with EG7 membranes that were incorporated with CD16B 
(GPI-anchored FcyR III) using the protocol described in Fig. \A. CTL activity against EG7 cells of T cells recovered from mice immunized with IL-12 (□), buffer-treated EG7 
membranes + IL-12 (O), GPI-B7-1 -incorporated EG7 membranes + IL-12 (■), or CD 16B- incorporated EG7 membranes + IL-12 (♦), was measured. D, depletion of CD8 + cells 
abrogates CTL activity induced by GPI-B7-1 -modified EG7 membranes and IL-12. Mice were immunized with IL-12 (□), buffer-treated EG7 membranes + IL-12 (O), or 
GPI-B7-1 -incorporated EG7 membranes + IL-12 (•). T cells were restimulated in vitro and used in a 4-h 5, Cr release assay as described in A. An aliquot of the effector cells obtained 
from mice immunized with EG7 membranes incorporated with GPI-B7-1 + IL-12 was depleted of CD8 + cells by treatment with 53.6 (anti-CD8) mAb and the rabbit complement 
The live cells (O) were then recovered and used as effector cells in the same assay. All assays are an average of triplicate wells ± SDs. 



antibody and complement eliminated nearly 83% of the cytolytic 
activity, indicating that CD8 + cells are the major effector of cytotox- 
icity (Fig. 2D). Similarly, the in vitro depletion of CD3* T cells from 
mice primed with GPI-B7-1 reconstituted membranes completely 
eliminated cytotoxicity (data not shown), indicating that T cells and 
not natural killer cells were the effector of the immune response to 
EG7 tumor cells. 

Although we have shown that EG7 membranes modified with 
GPI-B7-1 can generate CTLs against the parental tumor, it is neces- 
sary to determine whether these membrane preparations can immu- 
nize and protect mice against a subsequent challenge with the parental 
tumor. To determine this, mice were immunized twice s.c. in the hind 
flank with GPI-B7-1 -modified or buffer-treated membranes in the 
presence or absence of IL-12. One week after the final immunization, 
mice were challenged s.c. with wild-type EG7 cells. After a few 
weeks, tumors developed and grew rapidly in mice immunized with 
HBSS, IL-12, or buffer-treated EG7 membranes (Fig. 3). In contrast, 
mice immunized with EG7 membranes modified with GPI-B7-1, with 



or without coinjections of IL-12, remained tumor free for the duration 
of the experiment. 

As shown in Fig. 3, only mice immunized with GPI-B7-1 -modified 
EG7 membranes were protected from the tumor challenge. Although 
tumors grew in mice immunized with EG7 membranes and IL-12, 
there was a delay in tumor growth (Fig. 3). This was reproducible, 
suggesting that IL-12 treatment may enhance immune activity to 
unmodified EG7 membranes. However, tumors still developed, indi- 
cating that immunization with EG7 membranes and IL-12 was unable 
to induce a sufficient antitumor immune response. The ovalbumin 
used during GPI protein transfer did not influence the immunity 
against tumors because mice immunized with tumors modified in 
presence or absence of ovalbumin showed a similar level of protection 
against tumor challenge (data not shown). These results demonstrate 
that EG7 membranes modified to express B7-1 by protein transfer can 
effectively induce antitumor immunity and protect mice from further 
tumor challenge. 

Protein transfer techniques can also be used to introduce B7- 1 onto 
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Fig. 3. Immunization with GP1-B7-1 -incorpo- 
rated membranes provided protection from the pa- 
rental tumor in vivo. C57BL/6 mice (four to five 
mice/group) were immunized with either HBSS 
(A), 2 ng of IL-12 (O), 100 /ig of the protein 
equivalent of buffer-treated EG7 membranes with 
(•) or without (▲) 2 ng of IL-12, or 100 jig of the 
protein equivalent of GPI-B7- 1 -incorporated EG7 
membranes with (asterisk) or without (O) 2 ng of 
IL-12 s.c. in the right flank. After 2 weeks, the mice 
were boosted with the same material. One week 
later, mice were challenged s.c. with 5 X 10 4 EG7 
cells in the opposite side and then monitored daily 
for tumor incidence. Two independent experiments 
of four to five mice/group were conducted. The data 
points are compiled from the results obtained from 
a total of 10 mice in each experimental group, with 
the exception of the IL-12 group, which had 9 mice. 
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the surface of intact live tumor cells. We have observed, however, that 
intact live cells lose surface expression of GPI-B7-1 quickly under 
culture conditions (12). This is most likely due to the fact that the 
GPI-anchored B7-1 molecule is exogenously added to the membrane 
and therefore cannot be replaced after cell division, internalization, or 
shedding. Therefore, expression on live cells will be lost rather 
quickly. Live tumor cells, however, are an unlikely candidate for 
administration to human patients. Other preparations of tumor cells 
would need to be used, such as irradiated cells or cell membrane 
preparations. Preliminary studies in our laboratory on tumor cell lines 
such as P815, a murine mastocytoma, and K1735, a murine mela- 
noma, show that immunization with GPI-B7-1 -incorporated -y-irradi- 
ated tumor cells can induce a tumor-specific T-cell-proliferative re- 
sponse in mice. 4 However, in humans, irradiated tumor cells may 
cause problems if not all cells have been killed by irradiation. In 
addition, some murine tumor cells, when irradiated, have been shown 
to be poor inducers of an immune response toward the parental tumor 
(23, 24). 

As an alternative, we have used isolated tumor cell membranes. 
These preparations offer many advantages because they do not divide 
or have the metabolic functions of cells and can therefore provide a 
stable environment for incorporated GPI-anchored molecules. Mem- 
branes can also be easily stored in frozen aliquots or freshly prepared 
from frozen tumor tissue. These membranes can then be quickly 
incorporated with GPI-anchored proteins for convenient immuniza- 
tion protocols. Membrane preparations also retain the ability to inter- 
act with and stimulate cells in culture. Membranes of Chinese hamster 
ovary cells expressing GPI-B7-1 can polyclonally stimulate T cells in 
the presence of suboptimal doses of phorbol 12-myristate 13-acetate 
(data not shown). In other studies, membranes from T helper cells 
have been shown to stimulate B cells in vitro (25, 26). 

Currently, gene transfer is the method of choice for the expression 
of new proteins in cells. However, gene transfer may present problems 
for human tumor immunotherapy in the clinical setting. This method 



4 Y-C. Wang and P. Selvaraj, unpublished observations. 



introduces foreign vectors, some of which are of viral origin. At the 
site of incorporation, these vectors could introduce chromosomal 
mutations. Also, due to the immunity developed against vaccinia viral 
proteins, the vaccinia-based vectors can be used only once to deliver 
the desired genes (27). Other viral vectors, such as adenovirus, also 
increase cellular infiltration at the site of delivery, indicating an 
immune response to the vector that would prevent its subsequent use 
for gene therapy (28, 29). The protein transfer method described here 
could eliminate the problems associated with vector-mediated gene 
transfer and allow functional expression of B7-1 or other molecules 
for use in many experimental and therapeutic applications. Other 
desirable features of this protein transfer method are that live cells are 
not needed and incorporation can be completed within a short time, if 
the appropriate GPI-anchored molecules are available. The level of 
expression can also be easily controlled by varying the concentration 
of protein used, the temperature, and the time during protein transfer 
(30). Cell membrane preparations, RBCs, liposomes, or any am- 
phiphilic/hydrophobic surface can be modified with lipid-anchored 
proteins by protein transfer. Therefore, isolated cell membranes, irra- 
diated cells, or liposomes entrapped with proteins can be modified to 
express the appropriate GPI-anchored molecules for targeted delivery 
to antigen-presenting cells. 

Many investigators are beginning to exploit the properties of GPI 
anchors by designing proteins to have these unique lipid tails (31, 32). 
MHC class I has been modified to be cell surface-anchored via GPI. 
Using in vitro assays, it has been shown that cells modified to express 
GPI-anchored MHC class I molecule-hepatitis B viral peptide com- 
plexes by protein transfer served as targets for CTLs (33). In this 
report, we have shown that GPI-B7-1 -incorporated tumor cell mem- 
branes can induce tumor-specific T-cell responses and provide pro- 
tective immunity from tumor challenge in vivo. To our knowledge, 
this report is the first demonstration of the use of protein transfer of 
GPI-anchored proteins to express new proteins on isolated cell mem- 
branes and induce immunity against a disease. 

In addition to the incorporation of proteins that stimulate immune 
activity, proteins that down-regulate or modulate effector functions 
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can be expressed on the cell surface by protein transfer. For example, 
using protein transfer, one could introduce an antigenic peptide pre- 
sented by GPI-anchored MHC complexes on cells such as RBCs or 
liposomes, which lack costimulatory molecules, and use these vehi- 
cles to induce anergy in antigen-specific T lymphocytes. This may be 
beneficial for the treatment of autoimmune diseases or transplantation. 
Further exploitation and study of this method could enable researchers 
to create the optimal immunotherapeutic or immunomodulatory cell 
that can induce regression of established tumors, treat autoimmune 
disease, and potentially aid in the acceptance of tissue transplants. 
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CD8 + T Cells Activated During the Course of Murine Acute Myelogenous 
Leukemia Elicit Therapeutic Responses to Late B7 Vaccines After 

Cytoreductive Treatment 

By Kyriaki Dunussi-Joannopoulos, Werner Krenger, Howard J. Weinstein, James LM. Ferrara, and James M. Croop 



We have previously shown in a murine acute myelogenous 
leukemia (AMD model that leukemic mice can be cured with 
a B7 vaccine if immunized early in the disease and that CD8 + 
T cells are necessary for tumor rejection. However, when B7 
vaccine is administered 2 weeks after leukemia inoculation, 
the effect is only prolonged survival, ending in death virtu- 
ally of all the mice. To distinguish between tumor kinetics 
and tumor-induced immunosuppression as potential mecha- 
nisms eliminating the therapeutic potential of late B7 vac- 
cines, we performed in vitro T-cell studies during leukemia 
progression and in vivo studies on the clinical outcome of 
late B7 vaccines in combination with prior cytoreductive che- 
motherapy. Our results show that CD8 + T cells from leuke- 
mic mice 1 and 2 weeks after leukemia inoculation prolifer- 
ate more vigorously in response to in vitro activation than 



cells from normal mice and produce Thl-type cytokines in- 
terleukin-2 and interferon-y. Cytotoxic T lymphocyte (CTL) 
assays demonstrate that cells from week-2 vaccinated mice 
(which succumb to their leukemia), surprisingly develop a 
stronger CTL activity than cells from week-1 vaccinated mice 
(which reject their leukemia). Finally, the combination of late 
chemotherapy and late B7 vaccine administration can cure 
only 20% of leukemic mice, whereas early chemotherapy 
and the same late B7 vaccine administration cure 100% of 
leukemic mice. These results demonstrate that in murine 
AML tumor growth does not induce T-cell anergy or a Th2 
cytokine profile and suggest that tumor growth is most 
likely to be the limiting factor in the curative potential of 
late B7 vaccines. 

© 1997 by The American Society of Hematology. 



FOR SEVERAL DECADES it was believed that the fail- 
ure of the immune system to exert an effective surveil- 
lance in cancer patients and tumor-bearing animals arises 
from the lack of tumor-specific antigen expression on tumor 
cells. Accumulating evidence 1 " 8 now suggests that this failure 
does not result from the absence of recognizable tumor anti- 
gens but, rather, from the inability of tumor cells to either 
initiate or complete an effective immune cytolytic response. 
Primary factors that have been implicated for this unfavor- 
able host-tumor relationship are the inability of most of the 
tumor cells to provide T-cell costimulatory signals, 910 and 
the absence of an appropriate cytokine microenvironment. 11 " 13 
A successful antitumor T-cell response involves the induc- 
tion, recruitment, and effector functions of tumor-specific T 
cells and requires at least two distinct signals: a signal 
through the T-cell receptor (TcR) complex, and a costimula- 
tory signal provided by the ligation of adhesion molecules 
on T cells with their counterreceptors on the surface of pro- 
fessional antigen-presenting cells (APCs). 1415 The CD28 sig- 
naling pathway is the most potent costimulatory pathway 
identified to date and is activated by binding of CD28 on T 
cells to either B7.1 (CD80) or B7.2 (CD86) expressed on the 
surface of professional APCs. 1617 Several studies in murine 
tumor models have shown that ectopic expression of the 
members of the B7 family of T-cell costimulatory molecules 
by tumor cells is effective at inducing protective immunity 
against a number of murine tumors. 18 22 Recently, we have 
shown in a murine acute myelogenous leukemia (AML) 
model, that one intravenous (IV) injection of irradiated 
B7.1 + AML cells can provide mice with long-lasting sys- 
temic immunity against subsequent challenge with wild-type 
AML cells, and that CD8 + T cells are necessary for the 
tumor-specific immune response. 23 Furthermore, one expo- 
sure to irradiated, B7.1 + AML cells can cure leukemic 
mice vaccinated early (1 week) after leukemia inoculation, 
whereas late (2 week) vaccinations only delay tumor growth. 
This discrepancy is consistent with other model systems, 
where an effective immune response could only be achieved 
against small pre-existing tumor burdens. 18 * 21 ' 22 These results 



have provoked controversy, as to whether tumor growth in- 
duces mechanisms of peripheral tolerance to cancer, thus 
eliminating the therapeutic potential of late vaccines. In sup- 
port of a dysregulated immune system are reports of cancer 
patients with progressive disease and marked decreases in 
T-cell responses, 24 - 25 and of T cells from both patients and 
tumor-bearing mice that produce Th2 (IL-4, IL-10) cyto- 
kines, 26 * 27 which can inhibit a cell-mediated antitumor im- 
mune response. 28 

Although it is not yet known how T cells "interact" with 
tumor antigens in vivo, it has been speculated but not demon- 
strated that these interactions can induce tolerance in the 
host. 29 Moreover, there is a scant information pertaining to 
the functional properties of T cells in response to hematopoi- 
etic tumor models. In murine AML tumor models, AML 
cells home to bone marrow and spleen after IV inoculation. 
This very close interaction between AML cells and T cells 
from the initial stages of the disease, in a presumably differ- 
ent cytokine and APC microenvironment than in any solid 
tumor model, could affect the function of the T cells in an 
unpredictable manner. 

The current studies were undertaken to distinguish be- 
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tween rapid tumor growth and immunosuppression as poten- 
tial mechanisms eliminating the therapeutic potential of late 
B7 vaccines and to investigate if the combination of cytore- 
ductive chemotherapy and B7 vaccines can cure mice with 
advanced AML. We studied the in vitro functional properties 
of splenic CD8 + cells from mice with different tumor bur- 
dens (week 1 or 2 after AML inoculation) and the CTL 
activity of CD8 + T cells from mice vaccinated at week 1 or 
2 of the AML course, previously shown to have different 
clinical outcomes. We show that CD8 + T cells from leuke- 
mic mice respond more vigorously than cells from normal 
mice to in vitro activation and produce Thl-type cytokines. 
The cytotoxic T lymphocyte (CTL) assays demonstrate that, 
despite the nontherapeutic clinical outcome of mice vacci- 
nated at week 2, cells from these mice generate a stronger 
cytolytic response than cells from mice vaccinated at week 
1, suggesting that progressive growth of tumor induces 
mechanisms that defeat a tumor-specific generated CTL ac- 
tivity. Finally, we show that the combination of chemother- 
apy, to reduce tumor burden, and B7 vaccines can lead to 
more effective clinical responses of mice with advanced dis- 
ease. 

MATERIALS AND METHODS 

Mice. Female SJL/J mice, 6 to 8 weeks old, were purchased 
from Jackson Laboratories (Bar Harbor, ME) or Charles River Labo- 
ratories (NCI-Frederick Cancer Research & Development Center 
Frederick, MD). The animals were kept at the animal facility of 
Dana-Farber Cancer Institute (Boston, MA) according to the Insti- 
tute's guidelines. 

Murine AML model. The murine AML model used in this study 
has been previously described. 23 Briefly, AML cells, originally ob- 
tained from radiation-induced AML in female SJL/J mice, 30 are 
maintained by growing in syngeneic SJL/J mice. Mice injected IV 
or intraperitoneally (IP) with s= 1 0 4 AML develop leukemia and die 
in 4 to 5 weeks. In all experiments, freshly isolated or frozen spleen 
mononuclear cells from leukemic mice (4 to 5 weeks after the tumor 
inoculation) were used. Flow cytometry results demonstrated that 
these cells were essentially 100% myeloblasts. 23 

Purification of CD8 + T cells. Spleens from naive or leukemic 
SJL/J mice were removed aseptically and single cell suspensions 
were obtained on ice by gently pressing tissue pieces against the 
bottom of a petri dish with a syringe plunger. Cells were stained 
with Ly-2 monoclonal antibody (MoAb) (PharMingen, San Diego, 
CA), labeled with goat antirat IgG Microbeads (Milteny; Biotec, 
Sunnyvale, CA) and selected using magnetic MiniMacs separation 
columns (Milteny). Isolated cells were 90% to 94% pure as deter- 
mined by immunofluorescent flow cytometry analysis (FACS) and 
appeared viable by exclusion of trypan blue and forward/side scatter 
analysis. The absolute numbers of purified CD8 + T cells from week 
I and week 2 leukemic mice were approximately the same. 

Proliferation assays and reagents. Purified CD8 + T cells were 
cultured at 2 X 10 5 cells/well in U-bottomed 96-well plates in the 
presence of Concanavalin A (ConA; 2.5 pg/mL) or phorbol 12- 
myristate 13-acetate (PMA; 10 ng/mL) plus ionomycin (300 ng/mL). 
For TcR-crosslinking of CD8 + responder cells, wells were precoated 
with anti-CD3 MoAb 145-2C1 1 (2.5 Mg/mL) for 90 minutes at 37°C. 
A feeder layer of 2 x I0 5 syngeneic, anti-Thy 1.2 and C'-treated 
and irradiated (2,000 rad) splenocytes was also added to each well. 
Supematants were collected after 24 and 48 hours of culture and 
were assayed for cytokine levels as described below. Proliferation 



of responder cells was measured after 72 hours by the incorporation 
of 3 H thymidine (1 /iCi/well) for the last 20 hours of incubation. 

ConA, PMA, and ionomycin were purchased from Sigma Chemi- 
cal Co (St Louis, MO). The anti-Thy 1.2 MoAb used for T-cell 
depletion was isolated from tissue culture supematants from hybrid- 
oma clone HO- 13-4 (American Type Culture Collection, Rockville, 
MD; TIB # 99). 31 Low-Tox-M rabbit complement (C) was obtained 
from Accurate Corp (Westbury, NY). The anti-CD3 MoAb (145- 
2C11) was a generous gift from Dr S.J. BurakofT (Dana-Farber 
Cancer Institute). 

Lymphokine ELISAs. Levels of interleukin-2 (IL-2), interferon- 
y (IFN-y), and IL-4 in tissue culture supematants were determined 
by sandwich ELISA using specific antimurine MoAbs for capture 
and detection (PharMingen). A color reaction was developed using 
streptavidin-conjugated horseradish peroxidase (Genzyme, Cam- 
bridge, MA) followed by TMB peroxidase substrate (Kirkegaard & 
Perry Laboratories, Inc, Gaithersburg, MD). A standard curve was 
generated to determine the cytokine concentration in the sample. 
The lower detection limit of all cytokine assays was 1 .0 U/mL. Each 
assay was performed in triplicate at least three times, and the results 
from a typical assay are reported. 

The following MoAbs for capture and detection were used: IL- 
2, purified JES6-1A12 and biotin-conjugated JES6-5H4 32 ; IFN-y, 
purified R4-6A2 33 and biotin-conjugated XMG1.2 34 ; IL-4, purified 
1 1 B 1 1 35 and biotin-conjugated BVD6-24G2. 32 Recombinant murine 
IL-2 (rIL-2) was obtained from Boehringer Mannheim (Indianapolis, 
IN). Murine rIFN--y was purchased from Amgen (Thousand Oaks, 
CA) and murine rIL-4 with a specific activity of 7 X 1 0 7 U/pg by 
FDCP-2 assay was obtained from Immunex Corp (Seattle, WA). 

51 Cr release assays. One or 2 weeks following injection of AML 
cells the mice were immunized with irradiated 10 5 B7-AML cells. 
One week after immunization their splenocytes were harvested and 
nylon-wool-enriched T cells were depleted of CD4 + and GR-1 + cells 
by magnetic cell separation. The resulting population of cells was 
used as effectors for the CTL assays. We could not detect any 
differences in the absolute numbers of purified CD8 + T cells from 
week 1 and week 2 vaccinated mice. FACS analysis showed that 
these cells were 90% to 94% CD8 + cells. Autologous AML cells 
or control EL-4 tumor cells were incubated with 5, Cr (New England 
Nuclear, Boston, MA) for 2 hours and used as targets in the CTL 
assays. 

The standard 4-hour CTL assays were set up with various effector 
to target (E:T) ratios in a total volume of 0.2 mL/well in a 96-well 
microti ter plate. All conditions were set up in quadruplicate. After 
a 4-hour incubation, 100 of supernatant was harvested from each 
well, and the quantity of 5l Cr in the supematants was determined 
using a gamma counter. Results are expressed as the percentage of 
specific lysis, calculated as 100 x (sample cpm - spontaneous cpm)/ 
(maximum cpm — spontaneous cpm). The cpm of supernatant from 
wells containing target cells in normal media and from wells con- 
taining target cells in 1% Triton X-100 served as the spontaneous 
and the maximum release, respectively. 

In vivo immunization studies. SJL/J mice were injected IV with 
live or irradiated (3,200 rad from a 137 Cs source) B7.I transduced 
AML cells. Expression of B7.1 on AML cells has been previously 
described. 23 Briefly, E-86 cells were transduced with the LNCX- 
B7.1 -sense or LNCX-B7.1-antisense (mock virus) retroviral con- 
structs and two clones (B7.1 sense and B7.1 antisense), secreting 
high titers of virus, were used to infect the AML cells. AML cells 
(3 to 5 X 1 0 5 cells/mL) were exposed to viral supernatant for 24 to 
48 hours. Infected, unselected AML cells were washed in phosphate 
buffered saline (PBS), counted, and the designated numbers of cells 
were used for the in vivo immunizations. 

Cytoreductive treatment. Mice were injected IV in the tail vein 
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with 10 5 wild-type AML cells in 0.3 ml saline. On days 7, 10, 14 
(protocol I) or 3, 6, and 8 (protocol II) post AML inoculation, 
they received two consecutive IP injections of 200 mg/kg Ara-C 
(CHIRON Therapeutics, Emeryville, CA), 6 hours apart. Treated 
mice were vaccinated on day 16 after leukemia inoculation with B7- 
AML cells. Some mice remained without vaccination and 1 or 2 
weeks after the end of chemotherapy (corresponding to 2 or 3 weeks 
post AML inoculation) they were killed and their spleen and bone 
marrow cells were stained with the GR-1 MoAb and analyzed by 
immunofluorescent flow cytometry. 

Immunostaining and flow cytometry analysis. Cells were stained 
as previously described. 23 The following antibodies were used in 
this study: CD80 (B7.1), Gr-1, CD4 (L3T4), CD8a (Ly-2), (Phar- 
Mingen). After staining, the cells were fixed in 2% paraformaldehyde 
and analyzed on a F AC Scan flow cytometer (Becton Dickinson, 
Mountain View, CA). 

Statistical analysis. Values are mean ± SEM. The statistical 
significance between any two groups was analyzed by Student's t- 
test. 

RESULTS 

CD8 + T cells from leukemic SJL/J mice proliferate more 
vigorously than CD8 + T cells from normal SJL/J mice. In 
vivo depletion studies have shown that, in this AML model, 
rejection of the leukemic cells by vaccinated mice requires 
the presence of CD8 + but not of CD4 + T cells. 23 Therefore, 
we studied the functional properties of CD8 + T cells from 
leukemic mice at 1 week (T-l) or 2 weeks (T-2) after leuke- 
mia inoculation and compared them with the functional prop- 
erties of cells from normal mice (T-N). We examined the 
capacity of T-l, T-2, and T-N cells to proliferate in response 
to in vitro activation with: (1) a high density/high avidity 
TcR signal, provided by plate-bound anti-CD3; (2) ConA; 
and (3) PMA plus ionomycin. As shown in Fig 1A, T-l 
cells showed 57% higher proliferative response than T-N in 
response to activation with anti-CD3 (P < .01), 39% higher 
response to ConA (P < .01), and 28% higher response to 
PMA plus ionomycin (P < .01). Similarly, T-2 cells had 
55%, 41%, and 58% higher response than T-N cells in re- 
sponse to stimulation with anti-CD3, ConA, and PMA plus 
ionomycin, respectively (Fig IB). These results revealed that 
T-l and T-2 cells responded more vigorously than T-N cells 
not only to PMA plus ionomycin, a signal known to bypass 
the need for TcR stimulation by activating distal to PKC 
signaling pathways, but also to TcR stimulation (ConA or 
anti-CD3 MoAb), suggesting that the majority of T-l and 
T-2 cells were not anergic. 

CD8 + T cells from leukemic SJL/J mice have a Thl cyto- 
kine profile. Protective immune responses are coordinated 
to a large extent by cytokines produced by Thl and Th2 T- 
cell subsets, 36 * 37 whereas the role of the recently recognized 
ThO subset 38 has still to be defined. Thl cells secreting IL- 
2 and IFN-y induce cellular immune responses, whereas Th2 
cells producing IL-4, IL-5, IL-6, and IL-10, promote humoral 
immune responses. 39,40 It has been speculated that one possi- 
ble mechanism leading to inability of an intact host to elimi- 
nate autologous tumor growth is the gradual loss of the 
Thl cytokine profile and shift to Th2 type. 26 * 27 We therefore 
examined the cytokine profile of splenic CD8 + T cells in 
our AML model and found that both T-l and T-2 cells 
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Fig 1 . CD8 + T cells from leukemic mice proliferate more vigorously 
than CD8 + T ceils from normal mice. Splenic CD8+ T cells were iso- 
lated from normal and leukemic SJL/J mice, 1 week (T-1) or 2 weeks 
(T-2) after leukemia injection, by magnetic cell separation. T-1 (A) 
and T-2 (B) cells were cultured at 2 x 10 s cells/well in the presence 
of ConA (2.5 /tg/mL), PMA (10 ng/mL) plus ionomycin (300 ng/mL) 
or anti-CD3 MoAb (2.5 pg/mL) and a feeder layer of 2 x 10 s syngeneic, 
anti-Thy 1.2 and C'-treated and irradiated (2,000 rad) splenocytes. 3 H 
thymidine (1 pCi/well) was added during the last 20 hours of culture. 
Results are representative of three independent experiments (each 
experiment included two to three mice) and are shown as the mean 
and SD of triplicate culture. 



produced Thl type cytokines, whereas the level of IL-4 pro- 
duction by CD8 + T cells from normal and leukemic mice 
was very low to undetectable (Fig 2A). Secretion of IFN-y 
by T-l cells was 82% higher than T-N cells (P < .005), and 
IL-2 levels produced by T-l cells were 51% higher than 
those produced by T-N cells (P < .01). The differences in 
cytokine secretion were even more prominent when T-2 cells 
were used in the experiments. As shown in Fig 2B, IFN-y 
levels produced by T-2 cells were nearly three times those 
produced by T-N cells (P < .001), and IL-2 production by 
T-2 cells was more than twice as great as that produced by 
T-N cells (P < .0001). We further examined the cytokine 
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profile of T-l and T-2 cells in response to anti-CD3 and 
ConA stimulation. As shown in Fig 3A, CD8 + T cells from 
both normal and leukemic mice produced low levels of IL- 
2 in response to anti-CD3 and ConA, as opposed to stimula- 
tion with PMA plus ionomycin. Figure 3B shows that T-l 
and T-2 cells produced equivalent or higher levels of IFN- 
y than normal cells in response to anti-CD3 and ConA, but 
the most striking differences were observed when the cells 
were stimulated with PMA plus ionomycin. 

CD8 + T cells from mice vaccinated at week 2 have higher 
CTL activity than cells from mice vaccinated at week 1. 
We examined the CTL activity of CD8 + T cells from mice 
vaccinated at week 1 or 2 after leukemia injection; the former 
group of mice shows a curative response, whereas the latter 
group has only prolonged survival. 23 As shown in Fig 4A, 
splenic CD8 + T cells isolated from mice a week after their 
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Fig 2. CD8+ T cells from leukemic SJL/J mice secrete Th1 type 
cytokines. (A) T-1 and (B) T-2 cells were cultured at 2 x 10 5 cells/well 
in the presence of PMA plus ionomycin and a feeder layer of irradiated 
2 x10 s syngeneic, anti-Thy 1.2 and C'-treated splenocytes. Cytokine 
concentrations were determined in tissue culture supematants taken 
after 24 hours {IL-2) or 48 hours (IFN-y- IL-4) of the initiation of the 
culture. The graphs are representative of three independent experi- 
ments. Data are shown as the mean and SD of triplicate culture. 
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Fig 3. CD8 + T cells from leukemic mice secrete equal or higher 
levels of Th1 type cytokines than normal cells in response to TcR and 
mitogen stimulation. T-1 and T-2 cells were cultured at 2 x 10 s cells/ 
well in the presence of anti-CD3 or mitogens and a feeder layer of 
irradiated 2 x 10 s syngeneic, anti-Thy 1.2 and C'-treated splenocytes. 
(A) IL-2 and (B) IFN-y levels were determined as described in Materi- 
als and Methods. The graphs represent three separate experiments. 
Data are shown as the mean and SD of triplicate culture. 



vaccination with B7-AML cells generated a strong cytolytic 
response on stimulation with wild-type AML cells in the 
presence of 5 U/mL exogenous IL-2 and in the absence of 
APCs (costimulatory signals). When under the same experi- 
mental conditions splenic CD8 + T cells from mice vacci- 
nated at week 2 were studied, surprisingly these cells gener- 
ated a stronger in vitro cytolytic response, which at a 100:1 
ratio of E:T cells was 100% (Fig 4B). The response was 
AML-specific because the same cells did not lyse alloantigen 
presenting EL-4 (H-2 b ) cells. These findings suggest that an 
anti-AML effector CTL population had been generated in 
vivo and that APC-derived costimulatory signals and restim- 
ulation were not required for the in vitro activation. 

Cytoreductive treatment improves the vaccination poten- 
tial of the leukemic cells. Tumor cell kinetics has been 
considered as a possible mechanism limiting the efficacy of 
tumor vaccines in animals with large tumor burdens. 12 Based 
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Fig 4. CTL activity of CD8 + T cells from week 2 vaccinated mice 
is higher than CTL activity from week 1 vaccinated mice. SJL/J mice 
were injected with 10 s AML cells. One or 2 weeks later they were 
immunized with irradiated 10 s B7-AML cells. One week after immuni- 
zation CD8 + splenocytes were isolated as described in Materials and 
Methods and used as effector cells in various effector to target (E:T) 
ratios. Target cells (autologous AML or control EL-4 cells) were incu- 
bated with 51 Cr for 2 hours. The standard 4-hour CTL assays were 
set up with various E:T ratios in a total volume of 0.2 mL/well in a 
96-well microtiter plate. All conditions were set up in quadruplicate. 
After a 4-hour incubation, 100 /iL of supernatant was harvested from 
each well, and the quantity of 51 Cr in the supernatants was deter- 
mined. (A) CTL activity of CD8* cells from week 1 vaccinated mice 
on autologous AML cells (Vac/ AML) and control EL-4 cells (Vac/EL- 
4). In the same experiment CD8+ cells from normal SJL/J mice were 
tested for CTL activity on autologous AML cells (Norm/AMD and 
control EL-4 cells (Norm/EL-4). (B) CTL activity of CD8* cells from 
week 2 vaccinated mice on autologous AML cells (Vac/ AML) and 
control EL-4 cells (Vac/EL-4). Control cells from normal SJL/J mice 
were used as described in graph A. 



on our findings that vaccination of leukemic mice 2 weeks 
after leukemia inoculation had limited therapeutic effect but 
that the CTL response was still vigorous, we combined week 
2 vaccines with prior cytoreductive treatment to determine 
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if a better therapeutic effect could be generated. We treated 
mice with Ara-C, 2 X 200 mg/kg, administered 6 hours 
apart, 41 on days 7, 10, and 14 (protocol I) or days 3, 6, and 
8 (protocol II) after leukemia injection. These mice were 
then vaccinated with 10 s irradiated B7-AML cells on day 
16 after leukemia injection. As controls we used two groups 
of leukemic mice: (1) mice that received no treatment, and 
(2) mice that received chemotherapy but no vaccine. In order 
to confirm that our chemotherapy protocol was reducing the 
tumor burden, we treated groups of leukemic mice with ei- 
ther protocol I or II, and 1 or 2 weeks after the end of 
chemotherapy we analyzed their bone marrow and spleen 
cells using the GR-1 myeloid differentiation antigen as a 
phenotypic marker (not found on lymphoid or erythroid 
cells), as previously described. 23 Mice treated with protocol 
II (days 3, 6, and 8) had almost no GR-1 positive bone 
marrow and spleen cells 1 week after the end of chemother- 
apy (0.8%) and had a low number of GR-1 positive cells 
(1 1%) 2 weeks later. The vast majority of bone marrow cells 
were CD3 + T cells (data not shown). However, mice treated 
with protocol I (days 7, 10, and 14) had a very small number 
of GR-1 positive cells in their bone marrow and spleen a 
week after the end of chemotherapy, but 2 weeks after che- 
motherapy both bone marrow and spleen were heavily infil- 
trated by leukemic cells (Fig 5A and B). 

We have been able to improve the efficacy of late B7 
vaccines by combining their administration with cytoreduc- 
tive treatment. Two chemotherapy protocols were used and 
survival of chemotherapy-treated and vaccinated mice is il- 
lustrated in Fig 6. In the protocol I experiment, 20% of 
chemotherapy-treated and vaccinated mice rejected their tu- 
mor completely and 80% had 2 to 3 weeks prolonged sur- 
vival compared with control leukemic mice, which received 
chemotherapy but no vaccine. The chemotherapy-treated but 
not vaccinated control mice had only 1 week prolonged sur- 
vival compared with nontreated leukemic mice (Fig 6A). On 
the contrary, when protocol II was used for treatment, the 
combination of chemotherapy and B7 vaccine led to the cure 
of 100% of the leukemic mice. As shown in Fig 6B, mice 
treated only with chemotherapy had a 3 -week prolonged 
survival compared with nontreated leukemic mice, whereas 
100% of the mice that received both chemotherapy and B7 
vaccine rejected their leukemia. 

DISCUSSION 

The experiments described in this report were motivated 
by recent studies on solid tumor models and our own study 
on a murine AML model demonstrating that B7 vaccines 
have curative potential only when administered to animals 
with small tumor burden. One speculation has been that 
tumor growth induces immunosuppressive mechanisms, with 
T-cell anergy or Th2 type cytokine profile of effector cells 
as potential candidates. Here we demonstrate that, in this 
AML model, tumor inoculation into naive mice induces acti- 
vation rather than tolerance of CD8 + spleen cells during the 
first half of the leukemic course, and that the cells have a Thl 
type cytokine profile. We also demonstrate that the limited 
clinical response of leukemic mice with large tumor burden 
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Fig 5. FACScan analysis of 
(A) bone marrow and (B) spleen 
cells from leukemic SJL/J mice 
with chemotherapy (left panels) 
or without chemotherapy (right 
panels). SJL/J mice were in- 
jected with 10 s AML cells and 
treated with chemotherapy on 
days 7, 10, and 14 (protocol I). 
One or 2 weeks after chemother- 
apy (3 or 4 weeks after leukemia 
inoculation), bone marrow and 
spleen cells were stained with 
Gr-1 MoAb or control Ig. A total 
of 5,000 cells were analyzed by 
FACS for each sample. 



to B7 vaccines cannot be attributed to the lack of tumor- 
specific CTLs. Additional evidence that tumor kinetics over- 
whelm an ongoing immune response in this AML model is 
provided from chemotherapy treatment experiments. These 
experiments clearly demonstrate that reduction of the tumor 
burden during the first week after leukemia injection can 
cure 100% of the mice vaccinated at week 2. However, when 
chemotherapy is provided during the second week of the 
leukemic course, 80% of the vaccinated mice have prolonged 
survival while 20% reject their tumor. 



It has been well documented in experimental model sys- 
tems, that T cells become anergized when they are antigeni- 
cally stimulated in the absence of costimulatory signals. 42,43 
Anergized T cells become incapable of proliferating and 
producing IL-2 on restimulation through their TcR and 
costimulatory ligands due to a defect in the TcR £-chain 
phosphorylation and its sequential interaction with ZAP-70 
(both essential for the initiation of TcR-mediated signal 
transduction). 44,45 This defect can be bypassed by stimulation 
of T cells with PMA plus monomycin which activates distal 
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Fig 6. Cyto reductive treatment improves the vac- 
cination potential of B7-AML cells. SJL/J mice were 
injected intravenously with 10 s wild-type AML cells 
(open arrow) and then divided into three different 
groups. One group (O) received no further treatment. 
A second group (■) was treated with Ara-C (•) on 
days 7, 10, and 14 (protocol I) or 3, 6, and 8 (protocol 
II), as described in Materials and Methods, but was 
not vaccinated. A third group of leukemic mice (A) 
was treated with Ara-C, and on day 16 (black arrow) 
was vaccinated with 10 s irradiated B7-AML cells. 
Graph A illustrates the survival of mice treated with 
protocol I and graph B illustrates the survival of mice 
treated with protocol II. Each experimental and con- 
trol group included 8 to 10 mice. 
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to PKC signaling pathways. 46 In our experiments, splenic 
CD8 + T cells from leukemic mice proliferated more vigor- 
ously than normal CD8 + T cells not only in response to 
activation with PMA plus ionomycin, but more important, to 
antigenic stimulation through TcR. Although these findings 
cannot exclude the possibility that some T cells were anergic, 
they demonstrate that on a population basis, a considerable 
percentage of the cells had encountered an antigenic stimula- 
tion in vivo and had thus entered an activated state. 

Wild-type AML cells in this model do not express B7.1 
or B7.2 costimulatory molecules and therefore they cannot 
directly activate T cells as professional APCs. Our observa- 
tion that CD8 + T cells from leukemic mice were in an acti- 
vated state raises a multitude of questions regarding rumor 
antigen presentation during the AML course: (1) are tumor 
antigens exclusively presented by host bone marrow-derived 
APCs, which are able to provide antigen and costimulatory 
signals to T cells? (2) Do T cells ''see" tumor antigens on 
the AML cells, even in the absence of costimulatory signals, 



thus becoming temporarily unresponsive due to TcR down- 
regulation? (3) Is the host immune response a continuous 
antagonism of the two aforementioned mechanisms, and 
could this explain why immunogenicity, route of injection, 
and number of injected cells play a specific role in the tumor- 
igenicity of the tumor cells? 

In support of the first hypothesis are two studies demon- 
strating that MHC class I-restricted tumor antigens are exclu- 
sively presented by host bone marrow-derived APCs 47 and 
that, even in B7. 1 tumor vaccines, the dominant mechanism 
of CTL priming is through the uptake and presentation of 
tumor antigens by bone marrow-derived APCs. 48 If this is 
indeed the case, the number of surrounding APCs would 
have a very important impact on effectively taking up and 
presenting antigens provided by the growing tumor and 
would also explain why B7 vaccines can be therapeutic only 
under circumstances with relatively small tumor burden (es- 
pecially in nonsolid tumors, in which the factor of a large, 
abnormally vascularized tumor mass, with limited traffic of 
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effector cells, is excluded). We are currently investigating in 
our model if the simultaneous administration of tumorigenic 
AML cells and bone marrow-derived dendritic cells 49 can 
prevent leukemia in naive hosts; and moreover, if the injec- 
tion of autologous dendritic cells in leukemic mice can res- 
cue them from lethal disease. 

The second hypothesis, that T cells can recognize tumor- 
specific antigens, even in the absence of costimulatory mole- 
cules, is strengthened by recent observations that T-cell 
activation depends on the number of triggered TcRs, is inde- 
pendent of the nature of the triggering ligand, and that the 
activation threshold is decreased when costimulatory signals 
are provided. 50 In the reported experimental system, T cells 
expressing very few TcRs (resulting from TcR down-regula- 
tion due to antigenic stimulation and lasting 5 to 8 days 51 ) 
are triggered transiently but fail to be activated, because the 
number of TcRs is insufficient to allow these cells to sustain 
the signal and reach the activation threshold. Our findings 
do not support this as the only mechanism of tumor antigen- 
T-cell interaction in the AML model. If T cells, being ex- 
posed to an increasing number of AML cells in the splenic 
microenvironment, can be directly stimulated by them in 
the absence of costimulatory signals, we would expect the 
majority of T cells to be unresponsive in our in vitro activa- 
tion experiments and, furthermore, this number to increase 
with disease progress. Additional evidence that T-cell unre- 
sponsiveness is not induced by tumor growth in this AML 
model, and that tumor antigen presentation mediated by 
APCs plays a definite role (thus their number being critical 
for an effective immune response), is provided by our obser- 
vations that: (1) slO 4 is a tumorigenic dose when wild- 
type leukemic cells are injected IV or IP, but >10 5 is the 
tumorigenic dose when the subcutaneous (SC) route is used 
for injection; (2) when mice are immunized with a nontumor- 
igenic dose (10 4 ) of live cells SC, they are capable of re- 
jecting a subsequent SC tumor challenge with 10 6 cells but 
not an IV or IP challenge with the same number of cells 
(Dunussi-Joannopoulos et al, unpublished data). This is in 
agreement with previous reports on immunogenic tumor 
models, in which mice immunized with the niinimal tumori- 
genic dose of irradiated, B7-devoid tumor cells, do not get 
tolerized and are capable of rejecting a subsequent tumor 
challenge with live cells. 52,53 

Another important issue is provided by the findings from 
the CTL assays. We have shown that the CTL activity of 
mice vaccinated at week 2 is surprisingly higher than the 
CTL activity of mice vaccinated at week 1 after leukemia 
injection and would expect the former group to reject leuke- 
mia as does the latter group. We can speculate that the ef- 
fector CTL population in the vaccinated mice comprises a 
mixture of CTLs, part of which has been activated by APCs 
before vaccination and another part by the B7-AML cells 
provided by the vaccine. This can explain the presence of a 
higher number of effector T cells in the group of mice that 
have been vaccinated 2 weeks after leukemia injection and 
thus have had longer exposure to tumor antigen presenting 
APCs. Because mice vaccinated at week 2 finally fail to 
reject their leukemia despite the higher in vitro CTL activity, 



we propose two potential mechanisms as candidates for this 
failure: (1) mice vaccinated at week 2, when a large tumor 
burden has been established, can still recruit a high number 
of effector CTLs, but suppression of CTL activity by either 
the tumor itself or by tumor-induced suppressor cells leads 
to unfavorable clinical outcome; (2) mice vaccinated at week 
2 may finally fail to eliminate leukemia, because the tumor- 
specific CTL clone develops increased susceptibility to 
"clonal exhaustion" (activation-induced cell death) as a re- 
sult of heavy antigenic stimulation by the large tumor bur- 
den. 54 It should be mentioned here that the reported 55 slow 
Th2 effectors' death as opposed to the rapid Thl effectors' 
death may account for the Th2 cytokine profile observed in 
cases with advanced disease. 26 * 27 

In conclusion, our data demonstrate that in this AML 
model, tumor growth does not induce tolerance or an altered 
Th2 type cytokine profile that might impede a cytotoxic 
T-cell -mediated immune response. Moreover, our results 
demonstrate that reduction of the tumor load with chemo- 
therapy leads to more effective B7 vaccines, but it still needs 
to be determined which immune mechanisms regulate the 
final outcome of the vaccines and how tumor burden inter- 
feres with them. It is conceivable that in diseases like AML 
clinical trials based on genetically modified tumor cell vac- 
cines will target residual disease after treatment either with 
chemotherapy or bone marrow transplantation. It is therefore 
clinically important that B7 vaccines not only initiate an 
antitumor effector T-cell response in these patients, but also 
sustain it and successfully lead to development of tumor- 
specific memory T cells able to "fight" tumor cell recur- 
rence. To date, very little is known on the development from 
naive to tumor-specific memory T cells, and clearly more 
research in this direction is needed. 
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ABSTRACT 

Fusion proteins consisting of the extracellular region of murine B7.1 or 
B7.2 and the Fc portion of murine IgG2a (B7-IgG) were evaluated for 
their ability to promote antitumor responses. Therapeutic administration 
of soluble B7-IgG in mice with established tumors induced complete 
regression of the tumor and increased the survival of mice. In three 
models, MethA, P815, and MB49, mice with 7-d ay-old established tumors 
were cured with two to three treatment cycles of B7-IgG, given twice a 
week. Even in mice with an established B16/F10 tumor (a poorly immu- 
nogenic melanoma), therapeutic treatment with B7-IgG alone slowed 
tumor growth and increased survival significantly. Still stronger antitu- 
mor activity was achieved when B7-IgG was used as a vaccine adjuvant 
mixed with irradiated tumor cells. In 80% of mice with 7-day-old B16 
tumors, tumors regressed completely, and mice survived for at least 80 
days. In all tumor models, B7.1-IgG and B7.2-IgG had similar antitumor 
activity. B7-lgG-mediated tumor rejection was dependent on T cells, 
specifically CD8 cells, as demonstrated by the failure of B7-IgG to induce 
tumor regression in severe combined immunodeficient or CD8-depIeted 
mice. In addition, mice that were cured of an established tumor were 
protected against a rechallenge with the same tumor for at least 4 months, 
suggesting the generation of memory responses. Surprisingly, the antitu- 
mor activity of B7-IgG was independent of IFN-y, as demonstrated by 
tumor rejection in IFN-y knockout mice. Our findings demonstrate the 
potent capacity of B7-IgG to generate or enhance antitumor immune 
responses and suggest the clinical value of B7-IgG. 



INTRODUCTION 

Optimal activation of naive T cells requires signaling through the 
T-cell receptor as well as through other costimulatory pathways. 
Naive T cells stimulated only through the T-cell receptor become 
nonresponsive, anergic, or die. One such costimulatory signal can be 
provided by the interaction of B7.1 or B7.2 on APCs 2 with CD28 on 
T cells (1-4). However, binding of B7.1 or B7.2 to another receptor 
on activated T cells, CTLA-4, has been shown to down-regulate 
immune responses. CTLA-4, a homologue of CD28, binds B7. 1 and 
B7.2 with higher affinity than CD28 and is only expressed on acti- 
vated T cells. It has been proposed that binding of B7 to CTLA-4 
counterbalances CD28-mediated stimulation (1,2, 5). 

Established tumors in mice can be cured by immune-mediated 
mechanisms (6-8). However, it is also clear that tumors can escape a 
developing immune response by several mechanisms (7, 9-13). In- 
effective activation of T cells due to the absence of appropriate 
costimulation provides one explanation for inadequate immune re- 
sponses to growing tumors. It has been proposed that tumor-associ- 
ated antigens are presented to T cells by nonprofessional APCs 
lacking costimulatory signals. This suboptimal stimulation leads to 
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anergy or tolerance of tumor-specific T cells (14-17). Several inves- 
tigators have had some success in enhancing tumor-specific T-cell 
activation and/or preventing anergy or tolerance by expressing co- 
stimulatory molecules on the surface of tumor cells. Vaccination of 
mice with tumor cells transfected with B7.1 or B7.2 cDNA protected 
mice against tumor challenge (18) and induced regression of estab- 
lished tumors in some therapeutic models (17, 19-25). Similarly, 
direct injection of B7-expressing DNA vectors into tumor-bearing 
mice has enhanced immune responses and promoted tumor rejection 
(26). Blocking the interaction of B7 with CTLA-4, thereby preventing 
negative signals triggered by CTLA-4, has also been used as an 
approach to enhance antitumor activity (27, 28). 

In what may be a more clinically applicable approach to provide 
B7/CD28-mediated costimulation, we have developed soluble B7-IgG 
fusion proteins and tested their efficacy in several therapeutic tumor 
models and protocols. In vitro studies with these fusion proteins have 
demonstrated their costimulatory activity in enhancing proliferation 
and cytokine production from naive T cells (29). 3 In vivo studies using 
B7.2-IgG as a vaccine adjuvant have demonstrated its capacity to 
enhance the generation of proliferative and CTL responses to peptide 
vaccines (30). In the studies reported here, we show that B7. 1 -IgG or 
B7.2-IgG mixed with irradiated tumor cell vaccines or administered 
alone has potent antitumor activity, leading to the regression and cure 
of established tumors or significantly increased survival of tumor- 
bearing mice. 

MATERIALS AND METHODS 
Mice 

Female 6-8-week-old BALB/c, C57BL/6, and DBA/2 mice were purchased 
from either Taconic (Germantown, NY) or The Jackson Laboratory (Bar 
Harbor, ME). The 6-8-week-old BALB/c-IFN-y knockout mice were pur- 
chased from The Jackson Laboratory. Mice were housed under pathogen-free 
conditions at Genetics Institute (Andover, MA). 

Monoclonal Abs 

Rat antimouse CD4 and CD8 monoclonal Abs (GK1.5 and 53-6.72; 
American Type Culture Collection, Manassas, VA) were produced 
and purified by standard techniques at Genetics Institute. 

B7-IgG Fusion Proteins 

Expression plasmids encoding murine B7. 1 or B7.2 signal and extracellular 
domains fused to the Fc region of murine IgG2a were constructed as follows: 
cDNAs encoding the signal and extracellular domains of murine B7. 1 and B7.2 
were generated by PCR amplification from cloned cDNA (31, 32). For B7.1, 
the cDNA extends from the initiation Met in the signal sequence through 
Asp 243 of the total protein sequence [i.e., Met-Ala-Cys-Asp-Cys . . . Glu-Asp- 
Pro-Pro-Asp (31)]. For B7.2, the cDNA extends from the initiation Met in the 
signal sequence through Pro 239 of the total protein sequence [i.e., Met-Asp- 
Pro-Arg-Cys . . . Glu-Phe-Pro-Ser-Pro (32)]. The B7 sequences were joined to 
a genomic DNA segment encoding the hinge-CH2-CH3 domains for a murine 
IgG2a Ab (the protein sequence was identical to that of GenBank accession 
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number J00470) such that the IgG2a sequence begins with Glu-Pro-Arg-Gly 
and ends with Ser-Arg-Thr-Pro. The Cys residues within the Ab hinge region 
were retained such that the two B7-hinge-CH2-CH3 chains were covalently 
linked. We also generated fusion proteins (designated B7.1-IgG2mut or B7.2- 
IgG2mut) in which the IgG2a regions were mutated to ablate binding to Fc-y 
RI and complement Clq. The following amino acid residues in the CH2 
domain were replaced by Ala: (a) Leu 235 ; (b) Glu 318 ; (c) Lys 320 ; and (d) Lys 322 
(33). 

For production of B7-IgG proteins, the reconstructed sequences were in- 
serted in the pHTOP expression vector (34). The recombinant plasmids were 
transfected into the CHO cell line and amplified by standard techniques (34). 
CHO cells expressing B7-IgG were grown in DME/F12 (Life Technologies, 
Inc.) supplemented with 10% FCS, 0.02 /xm methotrexate (34), and 1 mg/ml 
G418 (Geneticin; Life Technologies, Inc.). At confluence, growth media were 
discarded, the cells were washed with PBS, and serum-free medium was 
added. Culture supernatants were collected at 24 h, clarified by sequential 
passage through 5.0 and 0.22 /xm filters, and concentrated using a 30-kDa 
tangential flow cartridge filter. The concentrate was loaded onto a protein 
A-Sepharose Fast Flow column (Pharmacia Biotech), washed with PBS, and 
eluted with 20 mM citrate (pH 3.0). Elution fractions containing the fusion 
protein were neutralized with 1 M Tris (pH 8.0; Sigma, St. Louis, MO), and the 
material was formulated in PBS (pH 7.2) by buffer exchange using a stirred 
cell with YM30 membrane (Amicon, Beverly, MA). Protein was depyroge- 
nated by chromatography on Poros PI (PerSeptive Biosystems, Framingham, 
MA). Protein concentration was calculated using an absorbance at 280 nm and 
a theoretical extinction coefficient of 1 .33 cm/mg-ml. More than 99% of the 
protein was in the dimeric, nonaggregated form, as determined by a TSK 3000 
SWXL column [TosoHaas USA, Montgomeryville, PA; PBS (pH 6.8) running 
buffer]. Endotoxin levels were less than 0.25 endotoxin unit/mg as determined 
by gel clot assay (Cape Cod Associates). 

Tumor Models 

All tumor cell lines were cultured in DMEM supplemented with 10% FCS 
(Sigma) without antibiotics. The following tumor cell lines were used: (a) 
MethA sarcoma (35); (b) B16/F10 melanoma (36); and (c) MB49 bladder 
carcinoma (37); P815 and P815-B7.1 were generously provided by T. Gajew- 
ski (University of Chicago, Chicago, IL; Refs. 38 and 39). Expression of the 
transfected mB7.1 in P815-B7.1 was verified by FACS analysis, and the mean 
fluorescence intensity of 100% of cells was 2.5 log above the unstained 
control. Solid tumors were established by i.d. or s.c. injection of tumor cells in 
the flank of the appropriate mouse strain. Five X 10 4 P815 cells were injected 
into DBA/2 mice; 5 X 10 5 MethA cells were injected into BALB/c mice; and 
2 X 10 5 B16/F10 cells or 1 X 10 5 MB49 cells were injected into C57BL/6 
mice. Tumor-bearing mice either died within 20-35 days after tumor inocu- 
lation (spontaneously metastasizing P815 and B16/F10 tumors) or were sac- 
rificed when the tumors reached a size of approximately 360-400 mm 2 . For 
purposes of graphic representation of tumor growth, animals that died or had 
to be sacrificed were assigned a tumor size of 400 mm 2 . 

Vaccination Protocols 

Prophylactic Protocol. Mice were immunized on day 0 with 1 X 10 7 
irradiated tumor cells in PBS alone or mixed with 75-100 fig of murine 
B7.1-IgG, murine B7.2-IgG, or murine IgG. Injections were administered i.fp. 
in both hind legs. Mice were also treated with B7-IgG or murine IgG alone on 
day 5 and challenged on day 7 by i.d. injection in the right flank with live 
tumor cells (cell number as described above, in 50 /xl). 

Therapeutic Protocol. A primary tumor was established by i.d. injection 
as described above. On day 7-9, when tumors were palpable, mice were 
vaccinated i.fp. with 5 X 10 6 irradiated tumor cells mixed with 25-100 /ig of 
B7.1-IgG, B7.2-IgG, vehicle (PBS), or irrelevant isotype-matched Ab. Addi- 
tional B7-IgG, IgG, or vehicle alone was injected i.fp. 3 days later. This 
vaccination regimen was repeated weekly for 2-6 weeks. 

Therapy with B7-IgG alone was used to treat mice bearing 7 -day-old tumors 
with 25-100 fig of B7.i-IgG or B7.2-IgG. Injections were i.fp. twice a week 
for 2-3 weeks. 



Cell Depletions 

CD4 or CD8 T cells were depleted by i.p. injections of 100-150 fig of 
monoclonal Ab GK1.5 or 53-6.72. Ab treatment was started on day 6, 1 day 
before initiation of B7-IgG therapy, and continued on days 7, 8, 10, 14, 17, and 
21 after tumor inoculation. CD4 or CD8 T-cell depletion was verified by FACS 
analysis from peripheral blood lymphocytes. 

Statistical Analysis 

Survival curves were analyzed by the Kaplan-Meier method using the 
statistical analysis software JMP (version 3.1 for Macintosh; SAS Institute 
Inc., Cary, NC) according to the manufacturer's specifications. 

RESULTS 

B7.1-IgG or B7.2-IgG Enhances the Protective Efficacy of an 
Irradiated Tumor Cell Vaccine. Preliminary studies established that 
the fusion proteins were effective for costimulation in vitro if they 
were plate-bound, and their activity could be blocked by soluble 
anti-B7.1 or B7.2 Ab, but not by soluble anti-CTLA-4 Ab (data not 
shown). These data suggest that, in vitro, immobilized B7-IgG pro- 
vides a costimulatory signal by cross-linking CD28. 

To assess in vivo function, we first evaluated the activity of B7-IgG 
fusion proteins in prophylactic tumor vaccine models. Naive mice 
were vaccinated with irradiated P815 tumor cells alone or with irra- 
diated cells mixed with B7.1-IgG or B7.2-lgG as described in "Ma- 
terials and Methods." If included, B7-IgG alone was given again on 
day 5. Mice were challenged on day 7 with live P81 5 cells. By day 10, 
all mice that had not been vaccinated or had been vaccinated with 
irradiated cells alone developed solid tumors (Table 1). In contrast, 
60-70% of mice vaccinated with a combination of irradiated tumor 
cells and B7.1-IgG or B7.2-IgG were protected against the tumor 
challenge as assessed by the absence of palpable tumors at day 21. 
Similar results were obtained in the MethA and B16/F10 tumor 
models (data not shown). 

Our in vitro data suggested that aggregation or cross-linking of the 
B7-IgG proteins was required for costimulation. Therefore, we eval- 
uated the role of the IgG domain and FcR binding in the in vivo 
function of the fusion proteins. Mice were vaccinated with irradiated 
P815 tumor cells mixed with fusion proteins mutated in the CH2 
FcR-binding region (B7.1-IgGmut and B7.2-IgGmut). These muta- 
tions are reported to ablate binding to Fc-yRI receptors and comple- 
ment (33). In the P815 prophylactic model, the mutated molecules 
were less effective than the wild- type fusion proteins (Table 1), 
although both forms exhibited similar costimulatory activity in vitro 
when plate-bound or cross-linked by an antimurine IgG Ab (data not 
shown). These findings suggest that in vivo, in prophylactic models, 

Table 1 Protection against tumor challenge after prophylactic vaccination with 

irradiated tumor cells mixed with B7-IgGs 
DBA/2 mice were immunized as described in "Materials and Methods" with irradiated 
tumor cells mixed with B7-IgG or treated with B7-IgG alone. In all experiments, mice 
were challenged with 2 X 10 5 live P815 tumor cells on day 7. Protection against the 
challenge was determined by the absence of a palpable tumor after 21 days. Protection is 
shown as the mean percentage (±SD) of tumor-free mice from one to five independent 
experiments. 





% Mean protection 


No. of 


Immunization 


(±SD) 


experiments 


None 


8(11) 


5 


Irradiated P8J5 


2(4) 


5 


Irradiated P815 + B7.1-IgG 


65(18) 


4 


Irradiated P815 + B7.2-lgG 


67(22) 


5 


B 7. 1 -IgG alone 


13(0) 


2 


B7.2-IgG alone 


9(11) 


4 


Irradiated P8I5-B7.1 transfectant 


23(4) 


2 


Irradiated P815 + B7.1-IgG mutated 


28(4) 


2 


Irradiated P815 + B7.2-IgG mutated 


20 


1 
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Fc binding of the B7-IgG molecules is important for costimulating 
unprimed T cells. 

Many groups have reported that vaccines of tumor cells expressing 
membrane-bound B7.1 or B7.2 generate protective antitumor immu- 
nity (17-25). We compared the vaccine efficacy of irradiated P815 
tumor cells that had been transfected with and expressed high levels 
of B7.1 (P815-B7.1) with irradiated wild-type P815 cells mixed with 
B7.1-IgG or B7.2-IgG. Vaccination with irradiated P815-B7.1 cells 
protected 23% of mice. In contrast, vaccination with irradiated wild- 
type P815 cells mixed with soluble B7.1-IgG or B7.2-IgG protected 
65% and 67% of mice, respectively (Table 1). Similar results were 
obtained when comparing B16/F10-B7.1 transfectants with B16/F10 



cells mixed with the fusion proteins (data not shown). These obser- 
vations demonstrate the efficacy of soluble B7. 1-IgG and B7.2-IgG as 
vaccine adjuvant and indicate that they may be more potent than 
tumor cell transfectants expressing high levels of membrane-bound 
B7.1. 

Therapeutic Vaccination with Irradiated P815 Tumor Cells 
Mixed with B7.1-IgG or B7.2-IgG Cures Mice of Established P815 
Tumor. To test the adjuvant activity of B7-IgG in a therapeutic tumor 
vaccine model, DBA/2 mice with 7-day-o!d s.c. P815 tumors were 
injected i.fp. with irradiated P815 tumor cells alone or mixed with 
B7.1-IgG or B7.2-IgG. A second dose of B7-IgG alone was admin- 
istered i.fp. 3-5 days later. This treatment was repeated weekly for 3 



A non-Immunized control B irradiated P815 




days after tumor inoculation 



C lrrad.P815 + B7.14gG D Survival 




E non-immunized control F Irrad. P815 

+ Irrelevant murine lgQ2a Ab 




Fig. I. Vaccination of P815 tumor-bearing mice with irradiated P815 tumor cells mixed with B7.l-IgG or B7J2-!gG induces tumor regression and prolongs survival. P815 tumors 
were established on day 0 by i.d. injection of 5 X 10 4 P815 cells. Mice were vaccinated on day 7 by i.fp. injection with either PBS (A and £), irradiated P815 tumor cells (B), tumor 
cells mixed with irrelevant mouse IgG2a Ab (F), or irradiated P815 cells mixed with B7.l-IgG or B7.2-IgG (C and G). PBS, irrelevant Ab, or the same B7-IgG as used initially was 
readministered 3 days later. The vaccination cycle was repeated for 3 weeks. Tumor growth was monitored, and the number of tumor-free mice after 40 days is indicated. In A, B. C, 
E, F, and G, each line represents the tumor growth of an individual mouse. Mice that were euthanized or died of metastatic disease were assigned a tumor size of 400 mm 2 . D and 
H show the percentage of surviving animals/group as a function of time. Survival of mice treated with B7.1-IgG or B7.2-IgG was significantly increased compared with the controls 
(*, P < 0.0 17; #, P < 0.0027, respectively, by log-rank test). The data are representative of four independent experiments. 
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weeks. Beginning about 1 week after the first immunization, reduced 
tumor growth and tumor regression were observed in mice treated 
with tumor cells mixed with either of the B7-IgGs (Fig. 1 , C and G). 
Tumor growth was not reduced in most mice treated with irradiated 
tumor cells alone or with cells mixed with an irrelevant mouse IgG2a 
Ab (Fig. l^andF). In five independent experiments, primary tumors 
disappeared in 60-90% of mice treated for three cycles with irradiated 
P815 tumor cells mixed with either B7.1-IgG or B7.2-IgG, compared 
with 10-30% in the control groups. Regression of the primary tumor 
also correlated with statistically significant increases in survival (Fig. 
l,Dand H). 

B7-IgG as Therapeutic Tumor Vaccine Adjuvant in Different 
Tumor Models. To demonstrate that the results with B7-IgG were 
not unique to the P815 tumor or the DBA/2 mouse strain, we tested 
the efficacy of B7-IgG as an adjuvant in three additional tumor 
models in two other mouse strains. BALB/c mice bearing 7-day- 
old s.c. MethA sarcomas were treated with PBS or irradiated MethA 
cells alone or mixed with either B7.MgG or B7.2-IgG. Two vacci- 
nations with irradiated MethA cells mixed with B7-IgG led to com- 
plete tumor regression in 90-100% of mice (Fig. 2, C and D). Mice 
were tumor free 60-90 days later. In groups left untreated, treated 
with irradiated MethA cells alone (Fig. 2, A and B\ or treated with 
irradiated cells mixed with an irrelevant mouse IgG2a (two independ- 
ent studies; data not shown) tumors regressed in only 10% of mice. 
We obtained comparable results with MB49 tumor cells in C57BL/6 
mice (Fig. 2, E-H). 

In the poorly immunogenic melanoma model, B16/F10 (in 
C57BL/6 mice), therapeutic vaccination with irradiated tumor cells 
and B7-IgG proteins significantly reduced tumor growth and in- 
creased long-term survival (Fig. 2, /-/,). By day 35, all mice left 
untreated or vaccinated with irradiated cells alone had succumbed to 
the tumor or were euthanized with large tumor masses (Fig. 2, /, J, and 
L). In contrast, 60% of mice immunized with the B7.1-IgG vaccine 
(data not shown) and 90% of mice immunized with the B7.2-IgG 
vaccine survived for >80 days (Fig. 2, K and L). 

Therapeutic Administration of B7-IgG Alone Induces Antitu- 
mor Responses. The potent adjuvant activity of B7.1-IgG and B7.2- 
IgG in the therapeutic vaccine models prompted us to test their 
efficacy as therapeutic agents alone. In all four therapeutic tumor 
models, treatment with B7.1-IgG or B7.2-IgG alone reduced tumor 
growth and increased survival (Fig. 3). In three of the models, the 
efficacy of treatment with B7-IgG alone was similar to that of vac- 
cination with irradiated cells mixed with B7-IgG (Fig. 3, A-C). In the 
B16/F10 model, treatment with B7-IgG alone slowed tumor growth 
and significantly increased survival time. However, tumor cure in 
80% of B16/F10 tumor-bearing mice could only be achieved by 
vaccination with irradiated tumor cells and B7.1-IgG or B7.2-IgG as 
adjuvant (Fig. 3D). The B16/F10 tumor was also the only model in 
which B7.2-IgG was slightly more effective than B7.1-IgG. In all 
other models, B7.1-IgG and B7.2-IgG had similar activity. 

In contrast to the prophylactic vaccine models, where efficacy was 
reduced for fusion proteins mutated in the Fc binding domain, ther- 
apeutic vaccination with the mutated forms of B7-lgG was as effica- 
cious as treatment with the wild- type forms (data not shown). These 
data suggest that the activity of B7-IgG in a therapeutic setting does 
not require FcR binding and demonstrate the potency of B7-IgG as 
antitumor agent. 

B7-IgG-mediated Tumor Cure Is CD8 but not CD4 T-Cell 
Dependent and Generates Lasting Protective Immunity. To deter- 
mine whether the antitumor response mediated by B7-IgG is depen- 
dent of the adaptive immune response, we evaluated B7-IgG therapy 
in SCID mice. BALB/c-SCID mice bearing MethA tumors were 
treated with B7.2-lgG alone or mixed with irradiated MethA cells. 
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Fig. 2. Vaccination with B7-IgG as an adjuvant is effective in three other therapeutic 
tumor models. Solid tumors were established on day 0 as described in "Materials and 
Methods." A total of 8-10 mice/group were vaccinated, starting on day 7, by i.fp. 
injection with either irradiated tumor cells (B, F, and I) or cells mixed with 25 (C and £>), 
50 (G and #)» or 100 itg (K) of B7.1-IgG or B7.2-IgG, respectively. PBS, B7.1-IgG, or 
B7.2-IgG, as used in the initial injection, was given again 3-4 days later. One group was 
treated with PBS alone (A and E\ data not shown for B167F10; IgG2a isotype controls 
were included in two experiments). Tumor growth was monitored for 35-60 days. Mice 
with MethA or MB49 tumors were euthanized once the tumor reached a size of about 360 
mm 2 . BI6/F10-bearing mice either died from metastatic disease or were euthanized when 
their tumors reached about 360 mm 2 . In A-K t each line represents the tumor growth of an 
individual mouse. The percentage of surviving animals/group is shown in L (*, 
P < 0.0001 by log-rank test). Experiments were repeated two to five times with 
comparable results. 



Neither treatment had an effect on tumor growth (Fig. 4), proving the 
dependence of B7-IgG-mediated tumor responses on T or B cells. To 
further define the T-cell subsets important for the antitumor activity of 
B7-IgG, we treated MethA tumor-bearing mice after depleting CD8 or 
CD4 T cells. Depletion of CD8 or CD4 T cells by Ab injection was 
started 6 days after tumor inoculation, i.e., 1 day before initiation of 
B7-IgG therapy. Successful depletion was verified by FACS analysis 
of peripheral blood lymphocytes on day 28: CD4 cells were undetect- 
able; and CD8 cells were <1.5% of peripheral blood lymphocytes. In 
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A P815 tumor model B Met hA tumor model 
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Fig. 3. Therapeutic administration of B7-IgG alone has antitumor activity. Mice were inoculated on day 0 with live P815 04), MethA (B% MB49 (Q, or BJ6/F10 (D) tumor cells 
as described in "Materials and Methods." Treatment started on days 6-8. Mice were treated with PBS (□), irradiated tumor cells alone (0), irradiated tumor cells mixed with B7.1-IgG 
(A), or B7.2-IgG (O) or with B7.1-IgG (*) or B7.2-IgG alone (+). The mean tumor size/group (groups of 7-10 mice) is plotted. Mice were euthanized when tumor size reached 360 
mm 2 , and mice that died of metastatic disease were assigned a tumor size of 400 mm 2 . 



CD4-depleted mice, the growth of MethA tumors was comparable 
with that in untreated normal mice (Fig. 5, A and B). Therapy with 
B7.2-IgG induced complete tumor regression and cure in CD4-de- 
pleted mice (Fig. 5Q. In contrast, treatment with B7.2-IgG in CD8- 



depleted mice slowed tumor growth but did not cure the mice (Fig. 5, 
D and £). Thus, depletion of CD8 T cells abrogated the antitumor 
activity of B7.2-IgG. 

Further evidence that B7-IgG therapy of established tumors de- 
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Fig. 4. B7-IgG-mediated antitumor responses depend on T and B cells. Normal or SCID BALB/c mice were injected with 2 x 1 0 s MethA tumor cells. Treatment of established 
tumors was started 7 days later (except for untreated control mice in A). Mice were treated for 3 weeks with 50 of B7.2-IgG twice a week (B and D) or with 5 X 10 6 irradiated 
MethA cells mixed with 50 jig of B7.2-IgG followed by an additional dose of 50 jig of B7.2-IgG 3 days later (Q. 
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Fig. 5. B7-IgG therapy of established tumors is dependent on CD8 cells but not CD4 
T cells. Solid tumors were established in BALB/c mice by injection of 2 X 10 s MethA 
cells. CD4 or CD8 T cells were depleted by Ab treatment beginning on day 6 as 
described in "Materials and Methods." Therapy with 50 fig of B7.2-IgG was given on 
days 7, 10, 14, and 17 in the groups shown in C and E. Groups shown in A, B, and D 
received no treatment with B7-lgG. 
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pends on tumor-specific immune responses is provided by rechallenge 
experiments. Mice that had been cured of established P815 or MethA 
tumors by therapy with B7.1-IgG or B7.2-IgG were rechallenged with 
the same tumors on the contralateral flank 60-1 10 days after the last 
vaccination. None of the rechallenged mice developed palpable tu- 
mors, regardless of whether they had been previously treated with 
B7. 1-IgG or B7.2-IgG alone or with irradiated tumor cells mixed with 
either B7-IgG (data not shown). In total, these findings indicated that 
B7-IgG-enhanced antitumor responses were dependent on CD8 T 
cells and that memory responses were generated in mice cured by 
B7-IgG therapy. 

B7-IgG-mediated Tumor Therapy Is IFN-y Independent. Be- 
cause IFN-y plays an important role in antitumor immune surveil- 
lance and antitumor responses (40-42), we asked whether B7-IgG 
could cure established tumors independent of IFN-y. Normal 
BALB/c or BALB/c-IFN-y knockout mice bearing 7-day-old 
MethA tumors were treated with B7.2-IgG twice a week for 3 
weeks or with irradiated tumor cells mixed with B7.2-IgG once a 
week for 3 weeks. Tumors grew more rapidly in the untreated 
IFN-y-deficient mice compared with wild-type mice (Fig. 6, A and 
D). However, in both mouse strains, therapeutic treatment with 
B7.2-IgG alone (Fig. 6, B and E) or with irradiated tumor cells plus 
B7.2-IgG (Fig. 6, C and F) induced rumor regression and cure by 
about day 28. These results demonstrated that B7.2-IgG tumor 
therapy is IFN-y independent. 



DISCUSSION 

We report here that fusion proteins linking B7.1 or B7.2 extracel- 
lular domains to the Fc region of murine IgG2a function as potent 
adjuvants for antitumor vaccines. B7.1-IgG or B7.2-IgG mixed with 
an irradiated tumor cell vaccine protected mice against a tumor 
challenge. More significantly, irradiated tumor cells mixed with B7.1- 
IgG or B7.2-IgG as an adjuvant were effective as therapeutic tumor 
vaccines in three strains of mice and in four tumor models. In all four 
tumor models, vaccination of tumor-bearing mice with irradiated 
tumor cells mixed with B7.1-IgG or B7.2-IgG led to regression of 
solid tumors and cure as measured by survival without detectable 
primary tumor for an observation period of 70-120 days. The potency 
of B7-IgG was best demonstrated in the poorly immunogenic B16/ 
F10 melanoma model, where we achieved cure in up to 90% of the 
mice (Fig. 2). Most importantly, therapeutic treatment of tumor- 
bearing mice with B7-IgG alone also induced significant tumor re- 
gression and increased survival in all models tested. In fact, in three 
models (P815, MethA, and MB49) the results after treatment with 
B7-IgG alone were indistinguishable from treatments with irradiated 
tumor cell vaccines mixed with B7-IgG (Fig. 3). The B16/F10 tumor 
was the only model in which immunization with irradiated tumor 
mixed with either B7-IgG had a greater effect than treatment with 
B7-IgG alone (80% long-term survival versus 40% long-term sur- 
vival, respectively). In this tumor model also, B7.2-IgG had a some- 
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Fig. 6. B7-IgG therapy cures established MethA tumors in the absence of IFN-y. MethA tumors were established in normal BALB/c mice (D and F) or IFN-7 knockout BALB/c 
mice (A-Q on day 0. Treatment with B7-IgG was started on day 7, with 50 fig of B7.2-IgG given twice a week for 3 weeks (B and £). Groups shown in C and F were vaccinated 
with irradiated MethA tumor cells mixed with 50 /ig of B7.2-IgG on days 7, 14, and 21 and an additional dose of 50 /ig of B7.2-IgG on days 10, 14, and 24. Mice in the groups shown 
in A and D were left untreated. 



what greater effect than B7.1-IgG. In summary, both B7.1-IgG and 
B7.2-IgG demonstrated strong antitumor activity in several estab- 
lished tumor models as therapeutic agents and as a vaccine adjuvant. 

To determine whether the therapeutic antitumor activity of B7-IgG 
is immune-mediated, we tested B7.2-IgG in tumor-bearing mice lack- 
ing T and B cells, depleted of CD4 or CD8 cells, or lacking the 
capacity to generate IFN-7. The absence of B7.2-IgG activity in SCID 
mice established the role of T and/or B cells (Fig. 4). Studies of mice 
depleted of CD4 or CD8 cells by Ab treatment revealed that CD8 cells 
are essential for the function of B7-lgG (Fig. 5). The role of CD4 cells 
may not be as clear. Although B7.2-IgG was active in mice depleted 
of CD4 cells, suggesting that CD4 cells are not essential for B7-IgG 
therapy, it is important to indicate that CD4 depletion was initiated 6 
days after tumor inoculation. Thus, there may have been time to 
generate tumor-specific CD4 responses and to provide help in the 
initiation phase of the CD8 response. Depletion of CD4 T cells at the 
time of tumor inoculation may reveal a role for this T-cell subset. 
Nevertheless, our data show that CD8 cells, but not CD4 cells, need 
to be present during B7-IgG therapy. The rechallenge experiments 
provide further proof that the activity of B7-IgG is mediated through 
tumor-specific immune mechanisms and that memory responses are 
generated. It remains to be determined whether B7-IgG induces a new 
tumor-specific response or promotes the expansion and enhancement 
of existing yet ineffectual responses. 



Perhaps the most remarkable finding is that the therapeutic effect of 
B7-IgG is independent of IFN-y expression by the host. Therapeutic 
treatment with B7.2-IgG led to tumor cure in antitumor IFN-7 knock- 
out mice (Fig. 6). The capacity of B7.2-IgG to enhance activity 
independent of IFN-y is consistent with our observations in other 
studies that B7-IgG as a vaccine adjuvant enhances but does not shift 
type 1 and type 2 immune responses (30). This property of B7-IgG 
distinguishes it from other immune therapeutic approaches such as 
interleukin 2, IFN-y, and interleukin 12, where IFN-y plays a key role 
(43, 44). We are currently investigating other cytokines that may be 
responsible for the effects of B7-IgG. Granulocyte macrophage 
colony-stimulating factor is especially interesting because it has been 
shown to have potent antitumor activity when given as a vaccine 
adjuvant or transfected into tumor cells (45, 46). Moreover, cross- 
linking of CD28 has been shown to induce granulocyte macrophage 
colony-stimulating factor. 

Several hypotheses can be proposed for the mechanism by which 
the B7-IgG fusion proteins assist the generation of novel antitumor 
responses or enhance existing antitumor responses. B7.1-IgG and 
B7.2-IgG can bind to both CD28 and CTLA-4 (as demonstrated by in 
vitro binding studies; data not shown). Therefore, B7-IgG has the 
potential to enhance costimulatory effects through CD28 as well as to 
prevent negative signals triggered through CTLA-4. The role and 
effect of B7-IgG may shift, depending on the condition of the T-cell 
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response. For naive T cells, which initially do not express CTLA-4, 
costimulation through CD28 is likely to be most important. CD28 
signaling may be increased by aggregation of B7-IgG, mediated 
through Fc binding on APCs. This is consistent with our observation 
that in prophylactic models, B7-lgG requires the Fc binding function 
(Table 1). In contrast, in therapeutic settings, the stimulation of 
activated or memory T cells recognizing tumor antigens may require 
less costimulation through CD28 (47). Thus, in therapeutic settings, 
aggregation of B7-IgG may be less important, which is consistent with 
our finding that in this circumstance, wild-type and Fc-mutated forms 
of B7-IgG are equally effective (data not shown). In addition, in 
therapeutic settings, soluble B7-IgG may bind with high affinity to 
CTLA-4 on activated T cells to block its negative signal, thereby 
enhancing the activity of tumor-specific T cells or preventing their 
down-regulation. A better characterization of the function of B7-IgG 
remains the focus of future studies and will help us to understand the 
differences in various tumor therapy approaches targeting the B7- 
CD28/CTLA-4 costimulatory pathway. 

Previous reports described the successful therapeutic treatment of 
established murine tumors with Ab blocking CTLA-4 (27). This 
approach induced the regression of strongly immunogenic tumors but 
not poorly immunogenic tumors (40), in contrast to our findings that 
B7.1-IgG and B7.2-IgG were effective as therapeutic agents or vac- 
cine adjuvant even in the poorly immunogenic tumors MB49 and 
B16/F10. These observations suggest that B7-IgG may work through 
different mechanisms than anti-CTLA-4 Ab, has greater potency in 
blocking CTLA-4, or has a dual function in binding to CD28 and 
CTLA-4. Another approach targeting the costimulation pathway in 
tumor therapy focuses on transfection or transduction of B7 into 
tumor cells. However, this approach has only been successful in 
prophylactic tumor models (17-25). Little success using B7-trans- 
fected tumor cells has been achieved in therapeutic tumor models, as 
corroborated by our findings with the B7.1 transfectants of P815 and 
B16/F10 (Table 1; data not shown). The relative ineffectiveness of 
tumor cells transfected with B7 as compared with injection of soluble 
protein may reflect quantitative differences in the number of available 
B7 molecules. However, the difference may also be explained by the 
dual function of B7 molecules. Membrane-bound B7 expressed by 
APCs can cross-link CD28 and costimulate T cells, but it can also 
cross-link CTLA-4 on activated T cells and trigger a negative signal. 
B7 expressed on transfected tumor cells may have comparable func- 
tions. In contrast, soluble B7-IgG may block rather than trigger 
signaling through CTLA-4, sustaining the activation of tumor-specific 
T cells. Studies to better understand the mechanism of the immune- 
enhancing effect of B7-IgG are in progress. 

Recently, Moro et ai (48) reported the therapeutic antitumor effi- 
cacy of B7- immunoglobulin fusion proteins. Their approach is com- 
parable with vaccination with B7-transfected tumor cells because they 
indirectly targeted B7-immunoglobulin to the tumor with Ab recog- 
nizing tumor-specific antigens. In contrast to our findings, they did 
not observe antitumor activity when B7-immunoglobulin was admin- 
istered in soluble form without the targeting Ab. Without having 
compared the different fusion proteins, we could speculate that the 
differences in production and the tagging with biotin may affect the 
pharmacokinetics of the molecules. In preliminary studies, we have 
determined long half-lives of 80-90 h in mice for our B7-IgG pro- 
teins. It is worth noting that despite the extended systemic exposure 
with these costimulatory molecules, we have not observed any mor- 
bidity or signs of autoimmune diseases in mice kept for more than 4 
months after therapy. 

In summary, B7-IgG fusion proteins appear to be effective antitu- 
mor agents that seem to be safe and can readily be administered in the 
clinic and manufactured. Their potency in stimulating immune re- 



sponses and cure in multiple murine tumor models suggests clinical 
potential as an adjuvant and therapy for oncology and for other 
clinical indications. 
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ABSTRACT 

Tumor targeting with immunomodulatory molecules is an attractive 
strategy to enhance the host's antitumor response. Expression of CD80 
(B7-1) and CD86 (B7-2) costimulatory molecules in tumor cells has proven 
to be an efficient way to enhance their immunogenicity. Here, we studied 
the effects of tumor targeting with biotinylated recombinant soluble B7-1- 
and B7-2 immunoglobulin G molecules (bio-B7-IgG) using a pretargeting 
approach based on the sequential use of a biotinylated antitumor mono- 
clonal antibody and avidin. Mouse RMA T-lymphoma cells bearing either 
bio-B7-l-IgG or bio-B7-2-IgG on their surface prime in vitro naive CD8 + 
CTLs, which are highly effective in adoptive immunotherapy, and induce 
therapeutic immunity when injected in tumor-bearing animals. In vivo 
targeting of established RMA tumors with bio-B7-IgG either cures tumor- 
bearing mice or significantly prolongs their survival. The antitumor re- 
sponse induced by targeted bio-B7-IgG depends on both CD4 + and CD8 + 
T cells. Moreover, tumor targeting with bio-B7-IgG in vivo is critical for 
both expansion in lymphoid organs and mobilization into the tumor of 
tumor-specific CD8 + CTLs. When targeting is performed on poorly im- 
munogenic TS/A mammary adenocarcinoma, only bio-B7-l-IgG primes 
naive CTLs in vitro and cures or significantly prolongs the survival of 
tumor-bearing mice in vivo, confirming that the two costimulatory mole- 
cules are not redundant with this tumor. Altogether, these data suggest 
that tumor avidination and targeting with soluble bio-B7-IgG may repre- 
sent a promising strategy to enhance the antitumor response in the host. 



INTRODUCTION 

Tumor cells are antigenic and can be recognized by autologous 
tumor-specific T cells (1). These findings provide a strong rationale 
for the application of immunotherapy to cancer, aimed at activating 
the potential antitumor T-cell repertoire present in each patient. 

For optimal induction, T cells require two activating signals (2). 
Signal one is generated by the interaction of the TCRs 4 with their 
cognate peptide-MHC complex. Signal two is induced through the 
binding of particular T-cell-activating molecules with their counter- 
receptors, called costimulatory molecules. The best characterized co- 
stimulatory pairs are the B7-1 and B7-2 molecules, which are ex- 
pressed mainly by professional antigen-presenting cells, and their 
T-cell counterreceptors CD28 and CTLA4 (2-4). The lack of B7 
expression by tumor cells may partially explain why they often escape 
the host's immune system (2, 5). Indeed, experimental tumors, which 
are sufficiently antigenic, become immunogenic when transfected 
with B7-1 or B7-2 genes and are rejected by syngeneic animals 
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(6-10). The main effect of the expression of B7 on tumor cells is the 
activation of a specific T-cell response (6-10). Moreover, it has also 
been shown that the expression of B7 on tumors activates the innate 
arm of the immune system, which plays a major role in the rejection 
of some tumors (11-14). Most of these data have been generated with 
tumors transduced with the genes coding for B7-1 or B7-2. We have 
devised an alternative approach that can more easily generate tumor 
cells bearing the extracellular domain of B7 on their surface. More- 
over, this approach can target the expression of B7 costimulatory 
molecules on tumor cells in v/vo, without requiring the transduction of 
tumor cells with the genes encoding the costimulatory molecules. This 
approach is based on the sequential incubation of cultured tumor cells 
with biotinylated antibodies specific for a membrane TAA, avidin, 
and biotinylated soluble B7-1 or B7-2 fused with the IgG constant 
regions (bio-B7-IgG). We show that targeting mouse tumor cells with 
bio-B7-IgG in vitro is an efficient way to expand tumor-specific CTLs 
for adoptive immunotherapy and to generate therapeutic nonreplicat- 
ing whole cell vaccines. More importantly, in vivo treatment of 
tumor-bearing animals with bio-B7-IgG induces a therapeutic T-cell 
immunity. 

MATERIALS AND METHODS 

Mice. BALB/c and C57BL/6 4-8-week-old female mice were purchased 
from Charles River Laboratories (Calco, Italy). 

Tumor Cell Lines. The Rauscher virus-induced RMA T-lymphoma of 
C57BL/6 origin (H-2 b ) and the spontaneously arisen, moderately differentiated 
TS/A mammary adenocarcinoma of BALB/c origin (H-2 d ) were maintained in 
vitro in complete medium (RPMI 1640 with 5% FCS, 100 units/ml penicillin, 
100 units/ml streptomycin, and 2.5 X 10" 5 M 2-mercaptoethanol). RMA cells 
express the endogenous Thy 1 .2 antigen, whereas TS/A cells do not. 

Thy 1.1 Cloning and Transfection. Both the cloning of mouse Thy 1.1 
cDNA and the generation of RMA cells expressing the Thy 1 . 1 antigen on their 
surface (RMA-T cells) have been described previously (15). TS/A cells ex- 
pressing the Thy 1 . 1 antigen (TS/A-T cells) were obtained following the same 
protocols. 

Generation of Recombinant Soluble B7-Ig. The ectodomain of human 
B7-1 was obtained from full-length cDNA (11) by PCR using the following 
oligonucleotides: (a) 5'-CCTGAGCTCCTGAAGCCATGGGCCACACAC- 
GG-3', 5' primer, and (b) 5 ' -TCTG ACTTACCATC AGG AAAATGCTCTT- 
GCTT-3, 3' primer. The extracellular region of human B7-2 was cloned from 
full-length cDNA (10) by PCR using the following oligonucleotides: (a) 
5 ' -G AT ATG AGCTC AC AGC AG AAGC AG-3 ' , 5' primer, and (b) 5'-ACT- 
T ACCTG AGCTCTGGGGG AGG-3 ' , 3' primer. B7-1 and B7-2 cDNAs were 
cloned into the mammalian expression vectors pCD4-Hyl and pCD4-Hy3, 
respectively (Ref. 1 6; kindly obtained from Dr. K. Karjalainen, Basel Institute 
for Immunology, Basel, Switzerland), replacing the human CD4 ectodomain 
sequence. The resulting plasmids (p-hB7-l-IgG and p-hB7-2-IgG) were used 
to transfect mouse J558L plasmacytoma cells by protoplast fusion (16). Trans- 
fected cells were selected by growing them in culture medium containing 5 
pig/ml mycophenolic acid and 100 jig/ml xantine and screening them for the 
secretion of B7-IgG soluble chimeric proteins by ELISA. Positive clones were 
subcloned and expanded to produce the soluble protein. The B7-IgG molecules 
were purified from culture supernatants by protein G-Sepharose affinity chro- 
matography. 

Preparation of bio-19E12 mAb and bio-B7-IgG. Biotinylation of the 
anti-Thy 1.1 mAb 19E12 was performed as described previously (15). To 
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produce 19E12 F(ab')2 fragments, 2 mg of mAb were mixed with 5 mg of 
pepsin in 6 ml of 0. 1 M sodium citrate (pH 4.5) and incubated for 2 h at 37°C. 
After dialysis against 1 .5 m glycine and 3 m sodium chloride, the Fab frag- 
ments were separated from Fc-containing molecules by protein A-Sepharose 
affinity chromatography. The final product consisted of 90% of F(ab') 2 frag- 
ments with minor contamination by Fab fragments, as judged from SDS-PAGE 
analysis. 

Biotinylation of B7-Ig was achieved by mixing 0.5 mg of the recombinant 
molecule at 1 mg/ml of 0. 1 m sodium bicarbonate (pH 8.5) with 6 mg of 
sulfo-NSH-LC-biotin (Pierce Chemical Co., Rockford, IL) at 1 mg/ml in 
water. After 30 min at 25°C, the reaction was stopped by dialyzing against 
PBS. The endotoxin content of all of the biotinylated molecules used for this 
study was determined by the Limulus amebocyte lysate Pyrogent (BioWhit- 
taker, Walkersville, MD) to be <0.06 EU/ml. 

In Vitro Targeting of Tumor Cells with bio-B7-IgG. RMA-T or TS/A-T 
cells (1 X 10 6 cells/ml) were mixed with 1 jig of bio-19E12 mAb in 50 of 
PBS containing 2% FCS (PBS/FCS) and incubated for 10 min on ice. After 
washing, the cells were incubated for 10 min on ice with 1 ^g of NAV (a 
deglycosylated avidin with a neutral isoelectric point; Pierce Chemical Co.) in 
50 fil of PBS/FCS, washed again, and finally resuspended in 50 u,l of 
PBS/FCS containing 3 jig of bio-B7-Ig. After 10 min on ice, the cells were 
washed and used for the subsequent experiments. 

In Vitro Priming of Tumor-specific CTLs. In vitro priming of tumor- 
specific CTLs was performed according to our published protocol (11). CD8 + 
T cells (80-90% pure) were further purified from NWSCs by complement- 
mediated lysis of CD4 + T cells using the anti-CD4 mAb GK1.5 and rabbit 
complement (LowTox Cedarline). Nonreplicating tumor cells were generated 
by incubating 10 7 cells with 100 ^tg of mitomycin C in 1 ml of medium for 45 
min at 37°C. CTLs were generated by culturing 10-20 X 10 6 CD8 + T cells 
with 2-4 X 10 6 nonreplicating RMA-T cells bearing bio-B7-IgG or bio-IgG in 
a 6-well plate containing 5 ml of complete medium. After 48 h of culture, 
hrIL-2 was added at 10 units/ml (Hofman-LaRoche, Basel, Switzerland). 
When using nonreplicating TS/A-T cells bearing bio-B7-IgG or bio-lgG to 
prime naive CTLs, total spleen cells were used. After 48 h, hrIL-2 and hrIL-7 
(Boheringer Mannheim, Penzberg, Germany) were added at 10 units/ml each. 
In the inhibition experiments, either purified anti-CD8 mAb 53.6.72, human 
CTLA-4 IgGl, anti-MHC class I K b mAb Y3, or anti-D b mAb B22.249 was 
added at the beginning of the cocultures at a final concentration of 1 jxg/ml. 
Long-term antitumor CTL lines were maintained by restimulating T cells every 
7-10 days with nonreplicating RMA-T cells prepulsed with bio-B7-IgG in the 
presence of 20 units/ml hrIL-2. To generate an alloreactive CTL line, 10- 
20 X 10 6 NWSCs from a naive C57BL/6 mouse were cultured with 2-4 X 10 6 
nonreplicating J558L plasmacytoma cells of BALB/c origin and expanded as 
described above. 

Cytotoxicity Assays. Blasts at day 6 of culture were tested in a standard 
4-h 51 Cr release assay (1 1). 51 Cr spontaneous release was always <25% of the 
maximal (1 n HCI) 5, Cr release. The percentage of specific 51 Cr release was 
calculated as follows: (experimental cpm - spontaneous cpm)/(maximum 
cpm - spontaneous cpm) X 100. 

Cytofluorimetric Studies. The presence of bio-B7-Ig on tumor cells after 
in vitro or in vivo targeting (see below) was assessed by cell staining with 
FITC-conjugated goat antihuman IgG antiserum (Southern Biothec, Birming- 
ham, AL). The phenotype of spleen cells was determined by tricolor cytofluo- 
rimetric analysis using FITC-labeled rat antimouse CD8a mAb, R-phyco- 
erythrin-labeled rat antimouse CD69L mAb or R-phycoerythrin- labeled rat 
antimouse CD44 mAb, and biotinylated mouse antimouse V/35. 1-5.2 TCR 
mAb, followed by Cy chrome-conjugated streptavidin (all reagents were from 
PharMingen). Analysis was performed using a FACScan cytofluorimeter (Bec- 
ton Dickinson, Palo Alto, CA). 

In Vivo Studies. All in vivo studies were approved by the Ethical Com- 
mittee of the Istituto Scientifico San Raffaele and performed according to its 
guidelines. To evaluate the therapeutic efficacy of nonreplicating RMA-T cells 
bearing bio-B7-IgG, 3 X 10 4 living parental RMA cells were injected s.c. into 
the left flank of B6 mice. Three days later, these mice began the therapeutic 
regimen, which consisted of six s.c. contralateral injections of 1 x !0 6 
mitomycin C-treated RMA-T cells bearing bio-B7-IgG, administered twice a 
week for 3 weeks. 

In adoptive transfer experiments, 3 X 10 4 living parental RMA cells were 



injected s.c. into mice. After 72 h, 10 6 anti-RMA CTLs were injected i.p. into 
mice, together with hrIL-2 (2000 units) given once a day for the next 3 days. 

For in vivo targeting experiments, mice bearing either a 24-h or a 72-h-old 
RMA-T tumor generated by the s.c. injection of 3 X 1 0 4 living cells received 
50 Atg of bio-19E12 mAb F(ab') 2 fragments i.p., followed 24 h later by NAV 
(30 jxg; i.p.) and 6 h later by bio-B7-IgG or bio-IgG (50 jxg; i.p). For the 
TS/A-T tumor model, 4 X 10 4 living cells were injected s.c, followed 48 h 
later by the i.p. injection of 50 u.g of bio-19E12 mAb (whole mAb). NAV and 
bio-B7-IgG molecules were than injected i.p. 24 h and 6 h, respectively, after 
the anti-Thy 1.1 mAb. 

For in vivo depletion experiments, 300 jig of either purified rat IgG, 
anti-CD4 GK1.5, or anti-CD8 53-6-72 mAb were injected i.p. into mice 48 h 
and 24 h before the tumor inoculum. This regimen causes the depletion of more 
than 90% of target lymphocytes from both the spleen and lymph nodes. An 
injection of the same amount of antibody was given once a week until the 
completion of the experiment. 

To assess the development of a memory response, 25-30 days after the 
primary inoculum, tumor- free mice were challenged contralaterally with 10 5 
RMA or TS/A parental cells and scored for tumor growth. 

Immunohistochemistry Analysis of Tumor Sections. Animals bearing a 
24-h-old RMA-T tumor underwent the three-step targeting protocol. After 13 
days, tumors were excised, fixed with 4% paraformaldehyde, embedded in 
OCT (Miles, Inc., Elkhart, IN), and frozen in liquid nitrogen. Cryostat sections 
(10 fim) were stained with FITC-labeled anti-CD4 and anti-CD8 mAb 
(PharMingen). 

Statistical Analysis. All experiments performed in vivo were repeated at 
least twice with groups of 5-10 mice, giving homogeneous results. Survival 
curve data were accumulated and analyzed using the log-rank statistic test. 

RESULTS 

Tumor Cells Bearing bio-B7-IgG Prime Specific CTLs in Vitro. 
The efficacy of the costimulatory signal provided by targeted bio-B7- 
IgG molecules was first evaluated in vitro using RMA lymphoma 
cells bearing soluble B7-IgG molecules to prime tumor-specific naive 
CTLs. This tumor was chosen because it induces antitumor T cells 
when transfected with either full-length B7-1 or B7-2 cDNA (10). To 
enable specific binding of B7-IgG to tumor cells, we exploited a 
three-step-dependent strategy based on sequential incubations with: 
(a) biotin-conjugated mAb specific for a membrane TAA; (b) avidin; 
and (c) biotin-conjugated B7-IgG. To generate a surface TAA selec- 
tively expressed by tumor cells, RMA cells were transfected with the 
cDNA encoding the Thy 1.1 allele, which is not expressed by 
C57BL/6 mice. Thy 1.1 is poorly immunogenic in C57BL/6 mice and 
does not alter the growth rate of transfected tumor cells either in vitro 
or in vivo (data not shown). Bio-B7-IgG molecules bound to RMA-T 
cells with the three-step approach were stable on the surface of the 
tumor cells for at least 24 h at 37°C, indicating that the complexes are 
not internalized or are poorly internalized (data not shown). More- 
over, we determined that both bio-B7-l-IgG and bio-B7-2-IgG were 
functional because they bind Chinese hamster ovary cells expressing 
transfected CTLA-4 on the surface and costimulate IL-2 production in 
a mouse T-cell hybridoma activated by a suboptimal concentration of 
anti-CD3 mAb (data not shown). 

The results of coculture experiments with NWSCs from naive 
animals showed that RMA-T cells coated with either bio-B7-l-IgG or 
bio-B7-2-lgG indeed prime tumor-specific CTLs in vitro (Fig. \A). 
The addition of either soluble CTLA4-Ig, anti-CD8 mAb, or anti-D b 
mAb, but not rat IgG, during the coculture abolished the priming (Fig. 
IB). Thus, the B7 ectodomain of the conjugate and the D b -peptide 
complexes on RMA as well as the expression of CD8 on CTLs were 
all necessary for the priming. 

Adoptive Immunotherapy of Tumor-bearing Mice with CTLs 
Primed in Vitro by RMA-T Cells Coated with bio-B7-IgG. We 
next assessed whether RMA-T cells coated with bio-B7-IgG could 
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Fig. 1. Antitumor responses induced by RMA tumor cells targeted with bio-B7-IgGG molecules in vitro. A, RMA-T cells bearing bio-B7-IgG prime specific CD8 + CTLs in vitro. 
Nonreplicating RMA-T cells were pulsed with bio-B7-IgG molecules as described in "Materials and Methods" and incubated with purified naive CD8 + T cells. T-cell blasts were 
assayed 6 days later for cytolytic activity using Ci^'-labeled nontransfected RMA. Nonspecific killing was measured using RMA-S cells as targets and did not exceed that induced 
by RMA cells bearing bio-lgG. B, molecular requirements for in vitro priming of naive CD8 + T cells by RMA-T cells bearing bio-B7-2-IgG. Purified CTLA4-Ig, anti-D b mAb, or 
anti-CD8 mAb was added to the priming cultures described above. Cytolytic activity of T-cell blasts was assayed after 6 days of culture. Nonspecific killing of RMA-S targets was 
5% at a 100:1 E:T ratio. C, adoptive immunotherapy with tumor-specific CD8 + CTLs expanded in vitro by RMA-T cells bearing bio-B7-Ig molecules. CTLs were restimulated 10 
days after in vitro priming using RMA-T bearing bio-B7-2-IgG cells. After 8 days, 1 X 10* CTLs, together with IL-2, were injected i.p. into every mouse bearing a 72-h-old RMA 
tumor as described in "Materials and Methods." Alloreactive CTLs were induced and expanded in vitro using nonreplicating BALB/c-derived (H-2 d ) J558L plasmacytoma cells. Mice 
that remained tumor free 30 days after CTL transfer were rechallenged contralaterally with 10 s living RMA cells and assessed for the development of a protective response. D, 
nonreplicating RMA-T cells bearing bio-B7-IgG molecules are efficient therapeutic vaccines in tumor-bearing mice. One million nonreplicating RMA-T cells bearing bio-B7-2-IgG 
were injected s.c. in the right flank of mice bearing a 72-h-old tumor generated by injecting 3 X 10 4 RMA cells s.c. into the left flank. The therapeutic regimen consisted of two injections 
per week for 3 weeks. Mice that remained tumor free for 25 days were rechallenged contralaterally with 10 5 living RMA cells and assessed for the development of a protective response. 



also efficiently expand tumor-specific CTLs in vitro, suitable for 
adoptive immunotherapy. Ten days after in vitro priming, CTLs were 
restimulated with RMA-T cells coated with bio-B7-IgG molecules 
and allowed to expand for an additional 8 days in the presence of IL-2. 
CTLs underwent a 3-fold expansion when restimulated by RMA-T 
cells coated with bio-B7-IgG and not when restimulated with bio-lgG. 
At day 8 after restimulation, 10 6 CTLs were transferred into every 
mouse bearing a 72-h-old RMA tumor generated by the s.c. injection 
of 3 X 10 4 living cells. As shown in Fig. 1C, all 20 mice receiving the 
adoptive transfer of anti-RMA CTLs rejected the primary tumor. 
Moreover, 80% of the cured mice rejected a subsequent contralateral 
challenge with 1 x 10 5 living RMA cells, indicating that a systemic 
memory response was induced (Fig. 1Q. 

Active Immunotherapy with Nonreplicating RMA-T Cells 
Bearing bio-B7-Ig. As a second therapeutic approach based on the in 
vitro targeting of bio-B7-IgG molecules, we evaluated the use of 
nonreplicating RMA-T cells coated with bio-B7-IgG as whole cell 
vaccines. One million nonreplicating RMA-T cells coated with bio- 
B7-2-IgG were injected s.c. into syngeneic C57BL/6 mice bearing a 
3 -day-old contralateral s.c. RMA tumor. As shown in Fig. ID, 60% of 
the mice were cured by this treatment. All of the cured mice devel- 
oped a memory response, as indicated by the rejection of a subsequent 
contralateral challenge with 10 s living parental RMA cells. Nonrep- 
licating tumor cells bearing soluble bio-B7-IgG on their surface can 
therefore function as a whole cell vaccine for active immunotherapy. 

Immunotherapy by Targeting Established RMA-T Tumors 
with bio-B7-IgG. The therapeutic efficacy of targeting bio-B7-IgG to 
tumors by the three-step approach was evaluated in vivo. In these 



experiments, all of the targeting compounds (antibody, avidin, and 
bio-B7-IgG) were administered i.p. The administration of avidin 24 h 
after the injection of anti-Thy 1.1 biotinylated mAb causes rapid 
clearance of the antibody from the circulation, as determined by 
ELISA on the sera of treated animals (data not shown). Moreover, 
cytofluorimetric analysis of ex vivo lymphoma cells showed that 
bio-B7-2-IgG was still present on the tumor 24 h after complete 
treatment, but not when avidin was omitted (Fig. 2A). These results 
show that tumor pretargeting with antibody/avidin complexes allows 
specific and persistent homing of bio-B7-IgG on tumors. 

To assess the therapeutic efficacy of the three-step targeting regi- 
men in vivo, mice underwent the treatment at different times after 
receiving a s.c. inoculum of 3 X 10 4 living RMA-T cells. As shown 
in Fig. 2B, when the treatment started 1 day after the tumor inoculum, 
40% and 60% of the mice treated with bio-B7-l-IgG and bio-B7-2- 
IgG, respectively, rejected the primary tumor. Tumor rejection re- 
quired the administration of all of the components of the three-step 
approach because omitting either biotin-anti-Thy 1 . 1 mAb or avidin or 
both before injecting bio-B7-2-IgG did not result in any therapeutic 
effects, suggesting that bio-B7-IgG molecules ought to be targeted 
onto the tumor (data not shown). All of the cured mice also rejected 
a secondary contralateral challenge with parental RMA cells, indicat- 
ing that a long-lasting protective immunity was induced (data not 
shown). When the three-step-mediated treatment with bio-B7-2-IgG 
was carried out 3 days after the primary tumor inoculum, the mice 
developed a tumor, although there was a significantly delay (Fig. 2Q. 
Thus, in the case of RMA lymphoma, the therapeutic response ap- 
pears to be dependent on the tumor burden. 
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Fig. 2. Therapeutic effects of the in vivo targeting of RMA tumor cells with bio-B7-IgG 
molecules. A, efficacy of in vivo tumor targeting with bio-B7-IgG by the three-step 
strategy. One million living RMA-T cells were injected s.c. into B6 mice, and 24 h later, 
the mice were injected i.p. with 50 fig of bio-19E12 mAb [F(ab') 2 ], followed 18 h later 
by 50 fxg of NAV, and 6 h later by 50 jig of bio-B7-2-IgG. Animals were killed 24 h after 
bio-B7-2-IgG injection to excise the tumor mass, which was minced to a single cell 
suspension and immediately analyzed by flow cytometry for the presence of B7-2-IgG 
molecules bound to the tumor cells. Histograms indicating the amount of human B7-IgG 
molecules targeted to tumor cells with or without NAV are shown. One of two repro- 
ducible experiments is shown. B, treatment of RMA-T tumors by in vivo targeting with 
bio-B7-IgG. Mice were challenged s.c. with 3 X 10 4 living RMA-T cells, followed 24 h 
later by the i.p. injection of bio-19E12 anti-Thy 1.1 mAb [F(ab') 2 ; first step]. NAV was 
injected 24 h after bio-19E12 (second step), followed 6 h later by either bio-B7-l-IgG or 
bio-B7-2-lgG (third step). Mice were then scored for tumor growth and sacrificed when 
the mean tumor diameter reached 1 0 mm. C, both CD4 + and CD8 + T cells play a critical 
role in the antitumor response induced by in vivo targeted bio-B7-2-IgG. Two days and 1 
day before the s.c. injection of 3 X 10 4 living RMA-T cells, mice were treated i.p. with 
either control rat IgG, anti-CD4, or anti-CD8 mAb. Injection of the mAbs continued once 
a week throughout the experiment. The three-step protocol started 72 h after the tumor 
inoculum. Mice were scored for tumor growth and sacrificed when the mean tumor 
diameter reached 1 0 mm. The survival distribution curves of mice receiving only control 
bio-IgG or bio-B7-2-IgG plus either depleting mAb were comparable. P refers to the 
increased survival of mice treated with only bio-B7-2-IgG compared to that of mice 
treated with bio-B7-2-IgG and anti-CD8 or anti-CD4 mAb. 



Tumor Targeting with bio-B7-IgG Molecules Enhances Both 
Expansion in the Spleen and Mobilization into the Tumor of 
CD8 + T Cells. To determine the contribution of T cells to the 
antitumor response induced by in vivo tumor targeting with bio-B7- 
IgG, either CD8 + or CD4+ T cells were depleted from mice before 
starting the three-step treatment. As shown in Fig, 2C, depletion of 
either subset abolished the therapeutic effect of bio-B7-2-IgG on 



RMA tumors, indicating that both CD4 + and CD8 + T cells are 
critically involved in the antitumor response induced by targeting. 
Mice undergoing in vivo tumor targeting with bio-B7-IgG were also 
evaluated for the development of a tumor-specific CTL response. As 
shown in Fig. 3A y only mice that received bio-B7-2-IgG developed a 
consistent RMA-specific CTL response after the in vitro restimulation 
of splenic T cells. Of note, both mice from the bio-B7-IgG-treated 
group did not show a measurable s.c. tumor when sacrificed, whereas 
both mice from the bio-IgG-treated group displayed macroscopic s.c. 
tumors (mouse 1 had a larger tumor than mouse 2). 

Because the Rauscher virus-derived gag-Leader immunodominant 
epitope presented by RMA cells on D b is mainly recognized by CD8 + 
CTLs expressing the TCR Vj35.2 family (17, 18), we also investigated 
whether the in vivo targeting of RMA-T tumor with biotin-B7-2-Ig 
caused a sizeable expansion of primed CD8 + V/35 + T cells. In vivo 
targeting of bio-B7-IgG caused a 2- to 3- fold expansion of CD8 + 
TCR Vj35 + splenic T cells expressing the antigen-primed markers 
CD44 high (Fig. 3B) or CD62L low (data not shown). No significant 
expansions within CD8 + CD44 high T cells expressing control TCR 
V/36, Vj38, and Vj313 was observed, indicating that CD8 + T cells 
expressing TCR Vj35 were selectively expanded (data not shown). 

We finally determined whether in vivo targeting of tumor with 
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Fig. 3. In vivo targeting of RMA-T cells with bio-B7-2-IgG expands RMA-specific 
CTLs. A, induction of RMA-specific CTLs by the in vivo targeting strategy. Mice bearing 
a 24-h-oId RMA tumor were subjected to the bio-B7-IgG or bio-IgG targeting protocol. 
After 10 days, splenic T cells were purified from two mice per experimental condition and 
restimulated in vitro with parental RMA cells. The cytolytic activity of these CTLs was 
determined 6 days later against 5, Cr-labeled RMA cells. B, in vivo tumor targeting with 
bio-B7-2-IgG expands RMA-specific CD8 + VB5 + CD44 hi * h T cells. Spleen cells ob- 
tained from mice 10 days after starting the targeting protocol described in B were stained 
with anti-CD8, anti-V/35, and anti-CD44 mAb and analyzed by fluorescence-activated cell 
sorting. The percentage of VB5 + CD44 hish CD8 + T cells in naive, bio-IgG-, and 
bio-B7-2-IgG-treated mice is shown in parentheses. Three mice per group were analyzed. 
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Fig. 4. Tumor targeting with bio-B7-IgG enhances intratumor infiltration by CD8 + T 
cells. Mice bearing a 24-h-old RMA-T tumor underwent the three-step tumor targeting 
procedure with bio-B7-2-IgG (A and C) or bio-IgG (B and D). After 12 days (correspond- 
ing to 15 from the tumor inoculum), tumors were excised, cut in sections (10 /xm), and 
stained with FITC-conjugatcd anti-CD8 (A and B) or anti-CD4 (C and D) mAbs. Arrows 
indicate representative positive T cells. 



bio-B7-IgG enhanced intratumor infiltration by T cells. The immu- 
nohistochemical analysis of RMA-T tumors excised 13 days after 
injecting bio-B7-IgG into mice revealed the presence of a marked 
CD8 + T cells and, although to a lower extent, CD4+ T cell infiltration 
(Fig. 4, A and Q. The control treatment with bio-lgG did not signif- 
icantly enhanced intratumor infiltration by CD8 + (Fig. 4B) and CD4 + 
T cells (Fig. 4D), giving a picture comparable to that of untreated 
wild-type RMA tumors (data not shown). Collectively, these results 
indicate that in vivo tumor targeting with soluble bio-B7-IgG costimu- 
latory molecules enhances the endogenous antitumor immunity by 
determining a selective expansion of tumor-specific CTLs in the 
spleen as well as by enhancing T-cell infiltration into the tumor. 

bio-B7-l-IgG but not bio-B7-2-IgG Is Effective when the Tar- 
geting Is Performed on Poorly Immunogenic TS/A Mammary 
Adenocarcinoma. We determined the efficacy of targeting bio-B7- 
IgG molecules on a second tumor, the poorly immunogenic TS/A 
mammary adenocarcinoma. At variance with RMA-T cells, TS/A-T 
cells coated with bio-B7-l-IgG, but not with bio-B7-2-IgG, primed 
specific CTLs in vitro (Fig. 5A). In these experiments, TS/A-T cells 
were covered with a comparable amount of each of the bio-B7-lgG 
molecules, as determined by cytofluorimetric analysis (data not 
shown). In keeping with the in vitro data, targeting established TS/ 
A-T adenocarcinoma in vivo with bio-B7-l-IgG, but not with bio-B7- 
2-IgG, induced a 10% tumor rejection with a significant overall delay 
in the tumor growth (Fig. 5B). Thus, at variance with the results 
obtained with the RMA model, only bio-B7-l-IgG induced an im- 
mune response when three-step-mediated targeting was performed 
with the TS/A mammary adenocarcinoma. 

DISCUSSION 

We have shown that targeting tumors with recombinant B7-Ig 
costimulatory molecules by the three-step approach is an efficient 
strategy to induce and expand therapeutic tumor-specific T cells both 
in vitro and in vivo. Targeted soluble bio-B7-IgG and transfected 
full-length molecules appear to be fully comparable from the func- 
tional point of view (ll). 5 However, the three-step procedure may 
overcome the technical limitations that genetic engineering still shows 
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in the generation of tumor vaccines expressing B7. The three-step 
approach is in fact rapid and simple and does not require the gener- 
ation of cell lines from each tumor. Primary tumor material from 
surgical specimens could be armed by the three-step method with 
bio-B7-IgG molecules, irradiated, and injected back into patients 
within hours. Moreover, we have also demonstrated that direct tumor 
targeting by systemic injection of biotinylated antibody, avidin, and 
bio-B7-IgG conjugate induces a therapeutic immunity against estab- 
lished tumors. The immune activation observed with this treatment 
was likely dependent on the binding of bio-B7-IgG to tumor cells 
because no response was observed when either biotin-anti-Thy 1.1 or 
avidin or both were omitted in control experiments. The relevance of 
this finding relies on the fact that the treatment was carried out 
entirely in vivo, without previous manipulation of tumor cells in vitro. 

Depletion experiments indicate that both CD4 + and CD8 + T cells 
are critically involved in tumor rejection induced by in vivo targeted 
B7-IgG molecules, although the depletion regimen used does not 
allow us to determine whether either subset is required during the 
priming and effector phase of the antitumor response. It is clear from 
this data, however, that targeted B7-IgG cannot bypass the require- 
ment for CD4 + T cell help to induce antitumor CD8 + CTLs. Because 
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Fig. 5. Bio-B7-l-IgG but not bio-B7-2-IgG is effective when targeting is performed on 
poorly immunogenic TS/A mammary adenocarcinoma. A, poorly immunogenic TS/A 
mammary adenocarcinoma bearing bio-B7-l-IgG but not bio-B7-2-IgG prime naive CTLs 
in vitro. Total spleen cells from naive BALB/c mice were cultured with nonreplicating 
TS/A-T cells bearing bio-B7-l-IgG, bio-B7-2-IgG, or bio-IgG, as described in "Materials 
and Methods." Cytotoxic activity was measured after 6 days. Nonspecific killing meas- 
ured on the RMA-S target cells was comparable to that induced by TS/A-T cells bearing 
bio-IgG. One representative experiment of three experiments is shown. B, therapeutic 
efficacy of the three-step-dependent in vivo targeting of TS/A-T tumors with bio-B7-IgG. 
The three-step protocol started 48 h after the s.c. inoculum of 4 X 10 4 living TS/A-T cells. 
Mice were scored for tumor growth and sacrificed when the mean tumor diameter reached 
10 mm. P refers to the increased survival of mice treated with bio-B7-l-IgG compared to 
that of mice treated with either bio-B7-2-IgG or bio-IgG. 
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the RMA tumor used in this experiment cannot express MHC class II 
molecules, this result suggests an important role for endogenous MHC 
class II + APCs in capturing, processing, and representing TAAs to 
CD4 + T cells. Whether bio-B7-IgG molecules enhance the cross- 
priming of tumor-specific CD4 + and CD8 + T cells by endogenous 
APC or allow for direct activation of tumor-specific CD8 + T cells by 
targeted tumor cells remains to be established. Targeted bio-B7-lgG 
most likely enhances both direct presentation and cross-priming of 
TAA, as recently shown for the full-length B7-1 molecule transfected 
into TS/A adenocarcinoma (19). 

RMA tumor cells are intrinsically immunogenic (10), therefore it is 
not surprising that they can induce tumor-specific CTLs in some 
animals in the absence of targeted bio-B7-lgG. However, these T cells 
are mostly confined in the secondary lymphoid organs and do not 
efficiently infiltrate the tumor. Accordingly, the CTLs induced by 
parental RMA tumors do not have therapeutic efficacy. In contrast, 
targeting RMA tumors in vivo with bio-B7-IgG results in two major 
effects on the host's immune system: (a) it markedly enhances the 
expansion of RMA-specific CD8 + V/35 + CTLs in the spleen of all of 
the mice tested; and (b) it induces the mobilization of CD8 + into the 
tumor and, less prominently, the CD4 + T cells. Conceivably, these 
two effects are sequentially related, thus the intratumor infiltration by 
T cells would reflect the induction of an efficient systemic antitumor 
immunity by targeted bio-B7-IgG. It is also possible, however, that 
the targeted costimulatory molecules exert some of their effects lo- 
cally, at the tumor site. For instance, it has been shown that B7/CD28 
interaction reduces the apoptosis of T cells during both the induction 
and effector phases of the immune response (4, 20-22). Thus, targeted 
B7-IgG may rescue tumor-infiltrating lymphocytes from dying after 
killing tumor cells, resulting in an improved effector phase at the 
tumor site. Furthermore, B7-dependent engagement of CD28 at the 
tumor site may enhance the local production of pro-inflammatory 
cytokines, favoring the induction of an inflammatory reaction critical 
for the progression of the antitumor response. 

The antitumor mechanisms triggered by the B7 targeting were 
sufficient to control the growth of only relatively small RMA tumors, 
suggesting that tumor targeting with soluble B7-IgG molecules would 
therefore be better aimed at the treatment of minimal residual tumor 
disease. One possible explanation for this phenomenon is that in the 
case of large tumors, the CTL expansion is still insufficient to achieve 
the proper CTL: tumor cell ratio necessary to efficiently kill all of the 
neoplastic cells. Alternatively, the antitumor response is suppressed 
progressively in the host upon RMA growth in vivo. However, ex- 
periments performed with immunogenic tumors showing the presence 
of an intact immune system in mice bearing a large tumor burden do 
not support this hypothesis (23). 

Whereas both B7-IgG molecules induce efficient antitumor re- 
sponses when targeted on RMA cells both in vitro and in vivo, only 
B7-l-IgG works with TS/A cells under the same conditions. The 
different effect of B7-1 and B7-2 on the two tumor cell lines is 
intriguing. We can exclude that is is due to particular features of the 
soluble chimeric molecules because the B7-IgG molecules used with 
RMA and TS/A tumors were derived from the same batches. More- 
over, the in vitro priming data were obtained using either RMA-T or 
TS/A-T cells covered with a comparable amount of each bio-B7-IgG 
molecule, thus excluding major quantitative differences between the 
two soluble costimulatory molecules during priming. Hence, it is 
tempting to speculate that intrinsic biological differences between 
B7-1 and B7-2 may explain their unequal effects on RMA and TS/A 
cells. Several studies performed with other tumor models have under- 
scored the nonredundancy of B7-1- and B7-2-dependent costimula- 
tion, usually revealing the superior efficacy of B7-1 (24-26). These 
studies, together with our results, would suggest the use of B7-1 as a 



universal costimulatory molecule, although B7-2 could be more effi- 
cient with some tumors. 

The three-step-dependent targeting strategy used in this study offers 
several alternative advantages over the use of conventional immuno- 
conjugates: (a) rapid circulation clearance of the biotinylated mAb by 
avidin injected as the second step, which improves tumonbackground 
ratios (27, 28); (b) modularity, which allows the use of differential 
doses of targeting and effector components; and (c) an easy combi- 
nation of different biotinylated antitumor mAbs as well as biotinylated 
effector molecules, avoiding the requirement to generate all of the 
corresponding bispecific molecules, each carrying the desired tumor 
specificity and effector arm. In this respect, a number of mAbs 
specific for different surface molecules whose expression is restricted 
to tumors are already available for clinical applications and could be 
used to target soluble B7 costimulatory molecules in vivo (29-31). 
Moreover, the feasibility of tumor avidination in patients is well 
documented, and it is currently used in nuclear medicine to increase 
the uptake and localization of radioactive-labeled biotin for either 
diagnostic or therapeutic purposes (27, 28, 32-36). 

Tumor pretargeting with avidin can also be exploited to deliver 
other biotin-conjugated effectors to the tumor site. In particular, we 
found that the pretargeting system can increase the amount and the 
persistence of biotin-TNF on tumor cells and that cell-bound TNF can 
trigger antitumor responses in vivo (15, 37). Experiments are under 
way to assess whether a combination of in vivo targeting of soluble 
recombinant B7 and cytokines results in a stronger antitumor re- 
sponse. Moreover, it will also be interesting to determine whether the 
association between active vaccination with TAA and in vivo tumor 
targeting with B7-IgG can improve the antitumor response. 

Collectively, the results presented in this study suggest that tumor 
targeting with soluble recombinant B7 costimulatory molecules may 
represent a promising strategy to enhance the host's antitumor im- 
mune response. 
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